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ABSTRACT 
Previous studies have shown that naticid gastropod predators are highly selective 
of prey species in accordance with the Kitchell et al. (1981) cost-benefit model. In 
addition, earlier studies have demonstrated selectivity of drillhole siting and intraspecific 
prey size. This study focuses on prey selectivity by Oligocene naticid gastropods and is 
used to test Vermeij 's ( 1987) hypothesis of escalation. The hypothesis of escalation 
states that biologic hazards have increased during the Phanerozoic and that organisms 
have either had to adapt to these hazards or face possible extinction (V ermeij, 1987). 
Naticid predation on molluscan assemblages is one of several examples used to support 
the hypothesis of escalation. 
Three Oligocene bivalve prey species, Astarte triangulata (547 specimens), 
Corbula rufaripa (2186 specimens), and Scapharca inyidiosa (506 specimens), from three 
sample intervals within the Red Bluff Formation of Mississippi were used in this study. 
Data, including prey length, shell thickness, and internal volume, were collected to 
conduct cost-benefit analyses. In addition, if drilling had occurred on a prey shell, then 
drillhole site, outer and inner borehole diameter, drillhole type, and drillhole success data 
were collected. Cost-benefit analyses and analyses of drillhole distributions and 
intr&:,pecific size selectivity were conducted for these species. The Oligocene results 




United States Coastal Plain. 
Interspecific prey selectivity was evident to some degree in the Oligocene at a 
level similar to that in the Eocene. However, prey selectivity appears less developed than 
compared to Neogene or Recent assemblages in accordance with the hypothesis of 
escalation. On the other hand, drillhole site selectivity in the Oligocene was much more 
prominent than in the Eocene and apparently as well developed as in the Neogene. Prey 
size selectivity within each species was not developed as much as in the Eocene and 
Miocene fossil assemblages. These results support the hypothesis of escalation and help 
define when increases in prey selectivity occurred in the fossil record. 
r 
INTRODUCTION 
Naticid gastropods are carnivorous infauna! shell-drilling predators that have been 
a key cause of molluscan mortality since the Cretaceous (Kelley, 1991 a) and perhaps 
even earlier (Kabat, 1990). Naticids generally prey on bivalves and other species of 
gastropods, but have also been known to prey on their own species (Kelley, 1991a). 
Kelley (1982) provided evidence showing that nearly 75% of all mortality for the most 
common prey taxa of the Chesapeake Group of Maryland was a result of Miocene naticid 
gastropod predation. 
The event of predation is preserved in the fossil record by the drilling activity 
naticid gastropods perform on prey shells. Naticids commonly produce a distinctive 
drillhole that is parabolic or U-shape in cross section (Kelley, 1988). Such direct 
evidence of naticid gastropod predator-prey interactions in the fossil record is useful in 
paleoecological studies. For instance, the record of drillholes provides one of the few 
sources of information regarding predator behavior, including prey selectivity. 
The record of predation can be used to test hypotheses about the evolution of 
predator-prey systems. One such hypothesis is Vermeij's controversial "hypothesis of 
escalation" (Vermeij, 1987). According to Vermeij (1994, p. 219), the hypothesis states 
that "enemies--competitors, predators, and dangerous prey--are the most important agents 




responses brought about long-term evolutionary trends in morphology, behavior, and 
distribution of organisms over the course of the Phanerozoic" (for more detail see 
Vermeij, 1987). 
Vermeij (1987) argued that, during the Phanerozoic, the severity of biological 
hazards has increased and, therefore, there has been greater adaptation to these hazards. 
Vermeij ( 1994) supported the hypothesis of escalation based on previous paleontological 
studies involving fossil organisms' modes of life, environments, and functional design. 
This evidence included temporal increases in: (1) metabolic rate in suspension-feeding 
animals, echinoderms, and vertebrates; (2) number and strength of shell-breaking 
predators in the ocean; (3) rate of sediment reworking and burial depth by infauna! 
organisms; (4) bo~ng depth into rock by organisms; (5) armor on gastropods, 
cephalopods, pelecypods, and other organisms; (6) degree of repaired shell damage in 
gastropods; (7) shell-drilling predators on gastropods, pelecypods, and barnacles; (8) 
locomotion in mobile organisms, including gastropods, pelecypods, and cephalopods; and 
(9) restriction of some shallow marine organisms to deep, cold waters. 
The hypothesis of escalation predicts that the hazard of naticid predation 
increased through time, and that prey responded with antipredatory adaptations. 
Antipredatory adaptations include shell armor, offensive weaponry, increased 
locomotion,toxicity, and crypsis (Vermeij, 1994). For instance, Kelley (1989, 1991b) 
fowid that five genera of Miocene bivalves from the Chesapeake Group of Maryland 
developed antipredatory adaptations by increasing their shell thickness over a three-







intensities also showed the largest increase in shell thickness during the Miocene (Kelley, 
1989). 
Another way prey can combat naticid predation is to increase overall shell size; 
predators develop difficulty in manipulating large prey. Kelley (1984) found evidence of 
' 
increased prey size occurring in two bivalve genera, Anadara and Astarte, across 14 to 16 
stratigraphic levels from the Chesapeake Group of Maryland. Both taxa showed highly 
significant correlations between predation intensities and evolutionary rates (Kelley, 
1984). 
Several recent studies have shown today's naticids are selective of drillhole 
position, prey size, and prey species in accordance with cost-benefit (C-B) predictions 
(Kitchell et al., 1981; Kelley, 1989, 1991a). Drillhole site selectivity promotes drilling in 
the thinnest area of the shell and, therefore, correlates with greater probability of 
successful predation (Kelley, 1988). Kelley (1988) determined that naticid gastropods 
from the Miocene of the Chesapeake Group of Maryland were highly selective in terms 
of prey size as well as drillhole site. Prey species that exhibited the most intraspecific 
size selectivity also showed the greatest rates of successful naticid predation (Kelley, 
1988). 
If escalation occurred within the naticid gastropod predator-prey system, then 
prey selectivity may have developed through time. Naticids may have been less selective 
early in their history compared to later. In order to test the hypothesis of escalation of 
prey selectivity by naticids, C-B analyses are used. Extant naticids select prey 
nonrandomly based on an energy-maximization model that predicts both prey species and 
r 
6 
prey size selectivity (Kitchell et al., 1981 ). This model predicts that a given-sized 
·" -
· pr~dator will choose prey with the lowest cost:benefit ratio in the prey size range that can 
be manipulated by a predator (Kelley, 1992). 
Cost of predation is determined by drilling time and is dependent on shell 
thickness (Kitchell et al., 1981). Benefit is based on biomass and is dependent on internal 
volume of the shell (Kitchell et al., 1981). The C-B (thickness:intemal volume) ratio 
generally decreases within a species with increasing prey size (Kitchell et al., 1981). The 
predator is predicted to choose the prey item that is easiest to bore into and will 
ultimately provide the most benefit after successful drilling has been completed (Kelley, 
1988). In more simple terms, the predator will attack the largest prey with the thinnest 
shell. 
Large prey individuals may have the capability of escaping; therefore prey species 
have an escape size beyond which they are safe from attack by a given-sized predator 
(Kelley, 1988). This escape size represents an inflection point in the C-B curve where the 
probability of successful drilling drops to zero (Kelley, 1988). Inflection points are 
determined for each species and are based on the size of the largest shell successfully 
drilled by a given-sized predator (Kelley, 1988). All prey larger than this inflection point 
size are not beneficial for the predator to attack. 
Objective of Study 
This study focuses on escalation from the perspective of prey selectivity by 
naticid gastropods. Three species of Oligocene bivalves, Astarte trian~ulata, Corbula 
I I 1.:ai-.---..... -lllliiii-lllliiiiliiilllll ___________________________ ilaalt:• 
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rufarip:;!, and Scapharca invidiosa. from the Red Bluff Formation in Mississippi were 
used in this investigation. In order to test the hypothesis of escalation of prey selectivity 
by naticids, C-B analyses were conducted on these species and predicted prey preferences 
were compared to the actual drilling frequencies. These results were then compared to 
those for other fossil assemblages from Tertiary sediments of the United States Coastal 
Plain. C-B analyses had already been completed on species from the Bashi, Cook 
Mountain, Piney Point, and Moodys Branch Formations (Eocene), Calvert, Choptank, 
and St. Mary's Formations (Miocene), "Pinecrest" sand (Pliocene), Bermont Formation 
(Pleistocene), and modern living naticid predator-prey systems. The results from the 
Oligocene species were compared with results from the Eocene, Miocene, Pliocene, 
Pleistocene, and Recent bivalve species to determine if prey selectivity has changed 
through time. 
Stratigraphy 
The Red Bluff Formation (lower Oligocene) was named by Hilgard in 1860 for a 
bluff on the Chickasawhay River near Shubuta, Mississippi, in Wayne County (MacNeil, 
1944; Figure 1 ). The Red Bluff, which has a maximum thickness of about 9 meters (30 
feet), primarily consists of a dark-gray to brown clay and glauconitic clayey marl with 
hard limestone ledges (MacNeil, 1944). Ferruginous concretions and beds are also 
common in the Red Bluff. The depositional environment of the Red Bluff is considered 
shallow marine (May, 1974). Dockery (1982) suggested the sediments were deposited in 
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'•. 
3. 7 meters - Sand; gravel at base 
Dlsconformlty 
1.2 meters - Clay, gray 
- - 2.3 meters - Clay, dark gray, massive 
- - • 1. 1 meters - Clay, dark gray, 
- • glauconitic, fossiliferous 
_ -._-Dlsconformlty 
1.5 meters - Clay, olive green, massive, 
non-glauconitic 
Figure l. Stratigraphic column and measured section from MacNeil and Dockery's 
(1984) Red Bluff type locality 35 along the east bank of the Chickasawhay 
River; SW/4, SW/4, SW/4, Section 28, T.lON., R.7W., Wayne County, 
Mississippi. Modified after Dockery (1989). 
9 
section of core material at the Red Bluff and Forest Hill contact indicates alternating 
environments of deposition as deltaic or swamp deposits graded into shallow marine 
deposits over several cycles (May, 1974). 
MacNeil (1944) noted that the Red Bluff clay is highly fossiliferous and contains 
marine fossils in all examined localities. The Red Bluff Formation contains 44 bivalve 
species and is dominated by Corbula rufaripa and Astarte trian~lata (Dockery, 1982). 
The lower one meter of the Red Bluff is very fossiliferous, containing well-preserved 
fossils, in particular the bivalve Astarte, in narrow, glauconitic, sand lenses within the 
clay (Dockery, 1982). At the top of this fossiliferous zone is a bed dominated by the 
bivalve Corbula (Dockery, 1982). The muddy, shallow marine sediments of the Red 
Bluff were ideal for nearshore, shallow-burrowing species (Dockery, 1982). 
The Bumpnose Formation (limestone), which is exposed in northwestern Florida, 
grades laterally into the Red Bluff clay in central Alabama (Cheetham, 1963; Figure 2). 
At the base of the Bumpnose Formation is a fossiliferous "blue clay" that is usually 
included within the Bumpnose, but also may be considered part of the Red Bluff. The 
Red Bluff Formation thins into western Alabama and interfingers with the lower part of 
the Forest Hill Formation in eastern and central Mississippi (MacNeil, 1944; Figure 2). 
Both the Bumpnose and Forest Hill Formations are equivalent in age to the Red Bluff 
Formation. 
The Bumpnose Formation is a gray marl interbedded with ledge-forming 
limestone and is fossiliferous at its base in eastern and central Alabama (Bybell, 1982). 
The Forest Hill Formation is a very fine- to fine-grained sand that is generally 






Mint Spring Fm. Marianna Formation 
! I 
Bumpnose Fm. 
Shubuta • Shubuta" 
Yazoo Formation Member Member 
Undifferentiated __ P_a_c-hut_a_M_a_r_l -----.. -Pa_c_h_u-ta-· 
Member Member 
Figure 2. Correlation chart for units in study area. Thicknesses are not to scale. 
Modified from Bybell (1982). 
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unfossiliferous except for the uppermost and lowermost portions of the unit, which 
contain beds oflignite with poorly preserved shell prints. MacNeil (1944) believed that 
the Forest Hill's basal lignite layers are the deltaic equivalent of the Red Bluffs basal 
glauconitic clay and marl. 
Overlying the Red Bluff at the sample site are the Mint Spring and Marianna 
Formations (middle Oligocene; Figure 2). The Mint Spring Fonnation consists of 
fossiliferous sand and sandy marl containing limestone concretions with an abundance of 
fair to poorly preserved nannofossils (Bybell, 1982). Macrofossils are also very common 
in the Mint Spring, especially a diverse group ofbivalves (94 species; Dockery, 1982). 
Sediments from the Marianna Formation consist of soft, chalky limestone, sandy 
glauconitic limestone, marl, calcareous sand, and Iignitic clay. The lower part of this unit 
contains abundant calcareous nannofossils that are poorly preserved (Bybell, 1982) and a 
few macrofossil species (pectens and oysters; Dockery, 1982). 
The upper Eocene Shubuta Member of the Yazoo Formation underlies the Red 
Bluff in eastern Mississippi and western Alabama (Figure 2). It is a blue-gray, 
glauconitic marl with well-preserved calcareous nannofossils (Bybell, 1982) and various 
macrofossils (Hansen and Kelley, 1995). This unit is massive, with 20 meters (65 feet) 








Figure 3 shows the approximate location of the type locality of the Red Bluff 
Formation, which is located at a bluff on the east and southeast side of a horse-shoe bend 
in the Chickasawhay River approximately 2.4 kilometers (1.5 miles) south of Shubuta, 
N/2, SE/4, NE/4, of Section 16, T.10 N., R.7 W., Wayne County, Mississippi. MacNeil 
and Dockery (1984) referred to this sample site as type locality number 37 for the Red 
Bluff Formation in the Mississippi Bureau of Geology Bulletin 124 (p. 401). Bulk 
samples of sediment and fossil material were collected by Vicky Andrews, a graduate 
student at the University of North Dakota. in gallon-size plastic bags at this locality 
during August, 1994. Each sample bag contained approximately 2.3 kilograms (5 
pounds) of sediment and shell material. Samples were collected at three intervals within 
the Red Bluff: (1) at the Red Bluff/Shubuta contact. (2) 31 centimeters (1 foot) above the 
contact, and (3) 61 centimeters (2 feet) above the contact (Table 1). The samples were 
returned to the paleontology laboratory at the Department of Geology and Geological 
Engineering at the University of North Dakota for further study. 
In the laboratory, the samples were wet sieved (U.S. Standard #20 sieve) to 
extract the shells by Andrews; Some of the more cohesive matrix needed to be 
disaggregated by soaking in water and baking soda for several days. Once this was 















Figure 3. Map showing the location. of the sampling site in Wayne County, 
Mississippi. Modified after May (1974). 







Next, whole shells were picked, separated into species, and placed into sample trays for 
proper identification. The bivalve taxa were then identified by Andrews to the species 
level using the Mississippi Bureau of Geology Bulletin 123 (Dockery, 1982). For this 
study, I chose three bivalve species based on numerical abundance of specimens 
recovered from the Red Bluff samples (Table 1). The three species included Astarte 
trian.gulata, Corbula rufaripa, and Scapharca inyidiosa (Figure 4). All other bivalve taxa 
present did not have a sufficient number of specimens to conduct C-B analyses. In 
addition to the specimens recovered by Andrews, I also dry sieved (U.S. Standard#lO, 
#18, and #230 sieves were used in the Ro-Tap for 10 minutes), picked, soaked in water 
and Calgon to remove excess sediment, and air dried additional specimens. The purpose 
of this procedure was to increase the total number of Astarte and Scapharca specimens 
needed to successfully conduct the study. 
Next, data were collected on the three species and included the shell length (L), 
thickness (TH), and internal volume (IV). Length was determined by measuring from the 
anterior to the posterior end of each valve. Thickness was determined measuring a 
common site on the ventral side of each valve. Both L and TH were determined using 
electronic digital calipers that recorded measurements to the nearest hundredth of a 
millimeter (mm). Internal volume was measured by filling each shell with water using a 
syringe that recorded measurements in cubic centimeters (cm3). 
In addition, if drilling had occurred on a prey shell, then the drillhole site, outer 
borehole diameter (OBD), inner borehole diameter (IBD), drillhole type, and drillhole 
success (whether or not the drillhole penetrated to the interior of the shell) were measured 
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TABLE 1 . 
. Number of specimens for each tax.on from the Red Bluff Formation. *Specimens 
were collected at MacNeil and Dockery's (1984) type locality number 37. 
Species Sample Interval Number of Specimens 
(*locality - interval) 
Astarte triangulata 37-0 cm 202 
37-31 cm 238 
37-61 cm 107 
Total Number== 547 
Corbula rufaripa 37-0 cm 455 
37-31 cm 703 
37-61 cm 1028 
Total Number= 2186 
Scapharca invidiosa 37-0 cm 220 
37-31 cm 154 
37-61 cm 132 
Total Number== 506 
and recorded. The drillhole site was based on the location of the drillhole with respect to 
a nine-sector grid superimposed on each shell (Kelley, 1988; Figure 5). OBD was 
defined as the diameter of the drillhole on the exterior of a prey's shell. IBD was defined 
as the diameter of the drillhole where the hole intersected the interior of the shell. OBD 
andlBD were determined by measuring the width of each drillhole using the calipers and 
binocular microscope. A microscope was necessary to aid in accurately measuring OBD 







Figure 4. (A) Exterior and interior views of right valve for Astarte triangulata (37-31); 
magnification= 6x; Length= 8.31 mm, OBD = 0.89 mm, IBD = 0.42 mm; (B) 
Exterior and interior views of right valve for Corbula rufaripa (37-31); 
magnification= l 2x; Length= 4.18 mm, OBD = 0.80 mm, IBD = 0.40 mm; 
( C) Exterior and interior views of left valve for Scapharca invidiosa (3 7-31 ); 
magnification= 9x; Length= 7.06 mm, drillhole site 4: OBD = 0.77 mm, IBD 
= 0.53 mm; site 9: OBD = 0.43 mm, IBD = 0.11 mm. 
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ANTERIOR POSTERIOR 
Figure 5. Drillhole sector designations for left valve of generalized bivalve. Cross-
sectional lines A-A' and B-B' are at one-third and two-thirds of the maximum 
anterior-posterior length respectively. Lines C-C' and D-D' are at one-third 
and two-thirds of the maximum dorsal-ventral height respectively. Drillhole 
sector designations for right valve are the mirror image of these. Stippled area 
represents area of normal-sited drillhoies. Modified after Kelley (1988). 
,, _______________________________ ' 
' ' 
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Drillhole type was also important for this study. Drillholes were examined under 
the microscope to determine if the drillhole was made by a naticid or muricid gastropod. 
Naticid gastropods commonly drill holes that are parabolic in cross section (Kelley, 
1988). In other words, the drillhole is U-shape with the OBD wider than the IBD. 
Muricid gastropods drill holes that have a uniform diameter throughout the depth of the 
hole. Finally, drillhole penetration was recorded, which required inspection of the 
drillhole to determine if the drillhole was completely or incompletely drilled. A complete 
drillhole was one that had successfully penetrated the interior of the shell. 
Not all characteristics were measured on all of the specimens. The production of 
the C-B curves did not require the entire group of specimens from each taxon to have all 
characteristics measured. L, TH, and IV measurements were required to accurately plot 
C-B curves for each taxon. In order to properly plot the C-B curves, a strongly correlated 
array of data points was needed. Once a significant correlation was accomplished, the 
remaining specimens only needed to have L measured. A randomly selected subsample 
of 19% to 90% of the total assemblage for each species had L, TH, and IV measured. 
Astarte and Scapharca both contained fewer numbers of specimens than did Corbulit, 
therefore I measured L, TH, and IV on a greater percentage of specimens from those two 
species. However, predation characteristics were measured and recorded for all prey 
specimens that had been drilled. Lastly, all collected data were entered into computer 
spreadsheets (Quattro Pro®) for further analysis. 
Cost-benefit curves were calculated for each species within each of the three 
sample intervals. A fourth set ofC-B curves was also calculated that combined the data 
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from the three sample intervals. This pooling of data increased the sample size and is 
justifiable because Kitchell (1986) determined that naticid preferences are long-term 
evolutionary responses that can be studied in time-averaged assemblages. First, cost-
benefit (TH:JV) ratios were calculated for specimens that had L, TH, and IV measured. 
The logarithm ofTH:IV was regressed against Land the regression line plotted. This 
method produced correlation coefficients, slopes, and y-intercepts that were required to 
plot C-B functions for each taxon. However, in some cases, a best-fitted curve was 
applied to the data points because the tendency of the array of points was curvilinear 
rather than linear. 
Different size predators are predicted to have different preferences with respect to 
prey size and/or type (Kelley, 1988). Therefore, a C-B analysis must be conducted for a 
certain size range of the predator. The size of the drillhole (OBD) is a good indication of 
the size of the predator (Kitchell et al., 1981 ). In other words, the bigger the drillhole, the 
bigger the predator that drilled the hole. 
Therefore, to limit predator size, I selected certain OBD size classes for analysis. 
Three OBD size classes were initially chosen for this study and included 0-0.5 mm, 0.5-
1.0 mm, and 1.0-1.5 mm. The numbers of drillholes in each size class from each prey 
taxon were then tallied to determine which size class contained the greatest number of 
drillholes. Overall, the greatest number of drillholes for all three species occurred in the 
0.5-1.0 mm OBD size class. Therefore, this size class was used throughout the course of 
this study for each taxon in all of the C-B analyses . 
... ____________ ..._ _______________ ......... _~, 
I ' 
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Large prey have the capability of escaping their predator (Kelley, 1991 ). Hence, 
each prey species must have an escape size beyond which it is safe from attack by a 
given-size predator. 1bis escape size represents an inflection point in the cost-benefit 
curve where the probability of successful drilling drops to zero. All prey larger than this 
inflection point cannot be successfully attacked by the predator. The largest prey with a 
complete drillhole in the 0.5-1.0 mm OBD size class thus represents the inflection point 
for each taxon. 
For each sample interval, C-B curves for the three species were plotted on the 
same graph. Predator preferences were then predicted based on cost-benefit ratios. Prey 
items predicted to be ranked first would be most preferred by a predator because they 
have the lowest cost-benefit ratio. Second, third, and fourth-ranked prey items were also 
predicted based on C-B ratios. 
Drilling frequencies were next calculated for each prey size class. 1bis was 
accomplished by using the formula 2D/N, where D is the number of naticid-drilled valves 
in the chosen size range and N is equal to the total number of naticid-drilled and undrilled 
valves in the chosen size range (mortality rate is double the ratio of drilled to total 
number of valves, since drilling on only one of a bivalve's two valves causes death; 
Kelley, 1989). Muricid-drilled specimens were excluded from these calculations. The 
predictions of prey choice based on the C-B curves were then compared to the actual 
drilling frequencies. Lastly, drilling frequencies for each prey item were then compared 
with one another to check for significance of differences in drilling frequencies between 




Drillhole distributions were next required to determine whether naticid gastropods 
were selective with respect to drillhole site. Histograms were created that represented the 
number of drillholes at each drillhole site (Figure 5) for each taxon within each sample 
interval. In order to determine if naticids were site selective, a three-way 'X,2 test was 
used. The x.2 test was conducted twice, first combining drillhole sectors into three dorsal-
to-ventral groups of sectors across the valve (combined sectors were 1-3, 4-6, and 7-9), 
and second, into three anterior-to-posterior groups of sectors [ combined sectors were 
(l,4,7), (2,5,8), and (3,6,9); Figure 5]. The combining of sectors was done to ensure that 
ample drillhole data were present to successfully analyze site selectivity results. The total 
number of all naticid drillholes was tallied within each group of sectors and then sectors 
were compared to_ each other using the three-way x.2 test. The null hypothesis is that 
drilling frequencies for each of the three groups. of drillhole sectors are equal. Finally, 
levels of significance for drillhole site selectivity were determined and the null hypothesis 
was either rejected or substantiated. 
Next, I determined ifnaticid predators were size-selective within each prey 
species from each sample interval. Kitchell et al. (1981) assessed prey size selectivity by 
correlating predator size (represented by OBD) with prey size (L). They determined that 
OBD is a function of the size of the predator (Kitchen et al., 1981 ). Therefore, the bigger 
the drillhole, the bigger the predator. A predator was observed to drill the same size 
drillhole no matter how large the prey individual. 
In order to determine if prey size selectivity occurred within a species, it was first 
necessary to calculate an additional drillhole characteristic. The IBD:OBD ratio was 
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determined for all prey specimens successfully drilled by naticids. lbis ratio represents 
whether or not a drillhole is functional (Kitchell et al., 1986). A drillhole is considered 
functional if the IBD is large enough to allow insertion of the predator's proboscis 
(Kelley, 1991a). 
Kitchell et al. (1986) suggested drillholes with IBD:OBD ratios greater than 0.5 
are normally functional. However, for this study, a calculated IBD:OBD ratio greater 
than 0.4 was considered functional for all three prey species. Because of the possibility 
of OBD and/or IBD measurement errors, I used a 0.4 ratio to ensure that all functional 
drillholes were accounted for in each taxon. Any ratios less than 0.4 would indicate that 
IBD had not been enlarged enough to allow insertion of the proboscis for feeding. 
In a previous study, Kelley (1988) expected that functional holes, especially all 
functional, normally sited holes, should show the strongest correlation of OBD and L. 
On the other hand, incomplete drillholes (probably attempted by predators too small to 
handle their prey) should show the weakest correlation (Kelley, 1988). "Normal-sited" is 
used to describe drillholes that are located in sectors 2, 5, and 8 because a majority of 
drillholes from previous studies have been shown to occur in these sectors (Kelley, 1988). 
Therefore, I calculated four separate regressions of OBD against L for each prey 
taxon within each sample interval: (1) all naticid drillholes (complete and incomplete 
drillholes), (2) all complete naticid drillholes (functional and nonfunctional drillholes), 
(3) all functional naticid drillholes (IBD:OBD > 0.4), and (4) all normally sited naticid 
drillholes (drillholes located in sites 2, 5, and 8; see Figure 5) that have an IBD:OBD 
ratio greater than 0.4 . 
... ______________ ..., ______ .... ___________ _..,,,, 
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In addition, Kelley ( 1988) found that certain prey taxa exhibiting the greatest 
selectivity of size and drillhole site also represented the greatest rates of successful 
naticid predation. Therefore, in order to determine if a relationship was present between 
naticid predation success and prey size selectivity within each prey species, I calculated a 
predation success rate. Success rate was calculated by dividing the number of functional 
drillholes by the total number of all drillholes. The results could then be compared to the 




Figure 6 illustrates data used for constructing C-B curves for Astarte, Corbula, 
and Scapharca from sample 37-0. Specimens of Astarte ranged in length from 1.44 mm 
to 11.62 mm, Corbula, 1.69 mm to 5.62 mm, and Scapharc!!, 1.82 mm to 8.94 mm. 
Inflection points, based on the largest specimen successfully drilled, were as follows: 
Astarte, 10.34 mm, Corbula, 5.06 mm, and Scapharca, 4.66 mm (Figure 7). Based on the 
C-B curves, the prey item predicted to be ranked first was Astarte with a size class of 
6.73 mm to 10.34 mm (Table 2). This item has the lowest thickness:internal volume 
(C-B) ratio and thus should be most preferred by the predator. Second and third-ranked 
prey items were also predicted based on their cost-benefit ratios (Table 2). 
Drilling frequencies from sample interval 37-0 ranged from 6-27% (Table 2). It is 
apparent that there is some evidence for prey selectivity occurring in sample interval 37-0 
(Table 2). In general, prey items predicted to be ranked second were drilled more 
frequently than items predicted to be ranked third (Table 2) although not all differences 
were statistically significant. Second-ranked Corbula was drilled more frequently than 
third-ranked Corbula, but the difference was not significant. However, second-ranked 
Corbula was drilled significantly more frequently than third-ranked Astarte (X2 = 5.31, p 
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Figure 6a. Data for constructing cost-benefit curve for Astarte trian~ata from sample 
37-0. Straight line represents cost-benefit curve. TH= thickness (mm) and 
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Figure 6b. Data for constructing cost-benefit curve for Corbula rufaripa from sample 
37-0. Straight line represents cost-benefit curve. TH= thickness (mm) and 
IV= internal volume (cm3); Log (TH/IV)= -0.201L + 2.33, P < 0.001; 
N=87. 
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Scapharca invidiosa 
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Figure 6c. Data for constructing cost-benefit curve for Scapharca invidiosa from 
sample 37-0. Straight line represents cost-benefit curve. TH= thickness 
(mm) and IV= internal volume (cm3); Log (TH/IV)= -0.225L + 2.70, 
P < 0.001; N = 115. 
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Cost-Benefit Curves (OBD = 0.5-1.0 mm) 
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Figure 7. Cost-benefit curves for Red Bluff Formation (sample 37-0). TH= thickness 
(mm} and IV= internal volume (cm3). Dashed lines represent inflection points 
for a predator with OBD ( outer borehole diameter) = 0.5-1.0 mm and are: 
Astarte triangulata, 10.34 mm; Corbula rufaripa, 5.06 mm; Scwharca 





frequently than third-ranked Astarte (X2 = 5.06, p < 0.05; Table 2). 
Drilling on first-ranked Astarte (18%) was lower than on both prey items 
predicted to be ranked second at 27% and 20%, respectively (Table 2). Despite the small 
TABLE 2. 
Predicted preferences of naticids from the Red Bluff Formation (sample interval 37-0) 
with OBD (outer borehole diameter)= 0.5-1.0 mm. 
Predicted PREY ITEM Drilling 
Rank Taxon Size (mm) Drilled Undrilled Frequency 
1 Astart~ trimgylata 6.73-10.34 2 20 0.1818 
2 Astarte trimtmlata 4.54-6.73 3 19 0.2727 
CQ[bula mfari12a 3.33-5.06 13 119 0.1970 
3 Astarte trimgulaY! 1.63-4.54 4 131 0.0593 
CQrbula rufari12a 1.00-3.33 16 253 0.1190 
Scapharca 2.53-4.66 11 156 0.1317 
invidiosa 
sample size (2 out of20 valves drilled), first-ranked Astarte was not drilled significantly 
differently from any of the other prey items. None of the x2 results comparing first-
ranked Astarte to any other predicted prey items was significant. All other calculated x2 
comparisons were below the 3.84 significance level for two degrees of freedom at the 
95% probability level (0.05). 
Figure 8 illustrates data used for constructing C-B curves for Astarte, Co[bula, 
and Scapharca from sample 37-31. Specimens of Astarte ranged in length from 1.52 mm 
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Figure 8a Data for constructing cost-benefit curve for Astarte trianGulata from sample 
37-31. Straight line represents cost-benefit curve. TH= thickness (mm) and 





Red Bluff Formation, 37-31 . 
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Figure 8b. Data for constructing cost-benefit curve for Corbula rufaripa from sample 
37-31. Straight line represents cost-benefit curve. TH= thickness (mm) 
and IV= internal volume (cm3); Log (TH/IV)= -0.201L + 2.36, 
P < 0.001; N = 205. 
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Scapharca invidiosa 
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Figure 8c. Data for constructing cost-benefit curve for Scapharca inyidiosa from 
sample 37-31. Straight line represents cost-benefit curve. TH= thickness 
(mm) and IV= internal volume (cm3); Log (TH/IV)= -0.249L + 2.87, 
P < 0.001; N = 92. 
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Inflection points, based on the largest specimen successfully drilled, were as follows: 
Astarte, 8.31 mm, Corbula, 5.03 mm, and Scapharca, 7.06 mm (Figure 9). Based on the 
C-B curves, the prey item predicted to be ranked first was Astarte with a size class of 
8. }0 mm to 8.31 mm. The remaining predicted ranks are shown in Table 3. 
TABLE 3. 
Predicted preferences of naticids from the Red Bluff Formation (sample interval 37-
31) with OBD (outer borehole diameter)= 0.5-1.0 mm. 
Predicted PREY ITEM Drilling 
Rank Taxon Size(mm) Drilled Undrilled Frequency 
1 Astarte trianiYlam 8.10-8.31 1 5 0.3333 
2 Astarte trian~lgJa 6.60-8.10 2 27 0.1379 
Scapharca 6.13-7.06 1 5 0.3333 
invidios!!: 
3 Astarte tri;mgylata 5.33-6.60 2 23 0.1600 
Scapharca 5.33-6.13 0 4 0.0000 
invidiosg, 
Corbula rufaripa 4.08-5.03 10 106 0.1724 
. 
4 Astarte tri;mgyJata l.35-5.33 5 137 0.0704 
Scapharca 2.88-5.33 6 79 0.1412 
invidiQsa 
CQrbula rufaripa 1.00-4.08 47 476 0.1797 
Drilling frequencies from the 37-31 sample interval ranged from 0-33% (Table 3). 






Cost-Benefit Curves (OBD = 0.5-1.0 mm) 
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Figure 9. Cost-benefit curves for Red Bluff Formation (sample 37-31). TH= thickness 
(mm) and IV= internal volume (cm3). Dashed lines represent inflection 
points for a predator with OBD (outer borehole diameter)= 0.5-1.0 mm and 
are: Astarte triangulata,, 8.31 mm; Corbula rufaripa. 5 .03 mm; Scapharca 
invidiosa. 7.06 mm. 
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33% (Table 3). First-ranked Astarte was drilled more frequently than second-ranked 
Astarte, but the difference is not significant. Likewise, second-ranked Scapharca was 
preferred over third-ranked Scapharca, but not significantly. Contrary to predictions, 
third and fourth-ranked Corbula were drilled at similar frequencies of 17% and 18%, 
respectively. Overall, C-B predictions were not in agreement with actual drilling 
frequencies for sample interval 37-31. Only fourth-ranked Astarte and Corbula were 
drilled significantly differently (X2 = 4.63, p < 0.05). All other x2 comparisons were not 
significantly different (X2 values ranged from 0.001 to 3.03). 
Figure 10 illustrates data used for constructing C-B curves for Astarte, Corbuli!, 
and Scapharca from sample 37-61. Specimens of Astarte ranged in length from 1.58 mm 
to 9.23 mm, CorbµIa, 1.86 mm to 5.39 mm, and Scapharci!, 1.99 mm to 5.26 mm. 
Inflection points, based on the largest specimen successfully drilled, were determined as 
follows: Astarte, 7.61 mm, Corbula. 5.02 mm, and Scapharca, 5.01 mm (Figure 11). 
Based on the C-B curves, the prey item predicted to be ranked first was Astarte with a 
size class of 6.50 mm to 7.61 mm. The remaining predicted ranks are shown in Table 4. 
Drilling frequencies from sample interval 37-61 ranged from 10-40% (Table 4). 
In general, prey items from sample 37-61 were selected according to the predicted prey 
rankings for both Scapharca and Corbula, but not for Astarte. First-ranked Astarte and 
second-ranked Scapharca had the highest drilling frequencies at 36% and 40%, 
respectively (Table 4). Both second-ranked Scapharca and Corbula had greater drilling 
frequencies than third-ranked Scapharca and Corbula (Table 4). There is a significant 
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Figure 1 Oa. Data for constructing cost-benefit curve for Astarte triangulata from sample 
37-61. Straight line represents cost-benefit curve. TH= thickness (mm) 
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Figure 1 Ob. Data for constructing cost-benefit curve for Corbula rufaripa from sample 
37-61. Straight line represents cost-benefit curve. TH= thickness (mm) 
and IV= internal volume (cm3); Log (TH/IV)= -0.190L + 2.26, 



























Figure 1 Oc. Data for constructing cost-benefit curve for Scapharca invidiosa from sample 
37-61. Straight line represents cost-benefit curve. TH= thickness (mm) and 





















Cost-Benefit Curves (OBD = 0.5-1.0 mm) 
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Figure 11. Cost-benefit curves for Red Bluff Formation (sample 37-61). TH= thickness 
(mm) and IV= internal volume (cm3). Dashed lines represent inflection 
points for a predator with OBD (outer borehole diameter)= 0.5-1.0 mm and 
are: Astarte triangulata, 7.61 mm; Corbula rufaripa, 5.02 mm; Scapharca 
invidiosa, 5.01 mm. 
r 
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p < 0.05), but not between second and third-ranked Scapharca. However, there is a 
significant drilling difference between second-ranked Scapharca and third-ranked 
Corbula (X2 = 5.78, p < 0.05). All other x2 values ranged from 0.01 to 3.57. 
TABLE 4. 
Predicted preferences ofnaticids from the Red Bluff Formation (sample interval 37-
61) with OBD (outer borehole diameter)= 0.5-1.0 mm. 
Predicted PREY ITEM Drilling 
Rank Taxon Size(mm) Drilled Undrilled Frequency 
1 Astarte tri;mgyh1,ta 6.50-7.61 2 9 0.3636 
2 Astarte tri;mgylam 4.03-6.50 4 30 0.2353 
Scapharca 4.03-5.01 3 12 0.4000 
invigio::ia 
CQrbula rufari12a 2.65-5.02 84 671 0.2225 
3 Astarte tri;mgylata 2.40-4.03 3 21 0.2500 
Scapharca 3.35-4.03 3 35 0.1579 
invidiosa 
CQrbula rnfari11a I.00-2.65 9 179 0.0957 
Third-ranked Astarte was drilled slightly more frequently (25%) than second-
ranked Astarte [24%; x.2 = 0.01, not significant (n.s.)). Although first-ranked Astarte was 
drilled the greatest at 36% (Table 4), the difference in drilling between first-ranked 
Astarte and either second or third-ranked Astarte was not significant (x2 = 0.30 and 0.20, 
respectively). 
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Figure 12 illustrates data used for constructing C-B curves for Astarte, Corbula, 
and Scapharca from combined sample intervals 37-0, 37-31, and 37-61. Inflection points 
for each species were determined as follows: Astarte, 10.34 mm, Corbula, 5.06 mm, and 
Scapharca, 7.06 mm (Figure 13). Based on the C-B curves, the prey item predicted to be 
ranked first was Astarte with a size class of 8.07 mm to 10.34 mm. The remaining 
predicted ranks are shown in Table 5. 
TABLE 5. 
Predicted preferences ofnaticids from the Red Bluff Formation (all sample intenrals 
37-0, 37-31, 37-61) with OBD (outer borehole diameter)= 0.5-1.0 mm. . 
Predicted PREY ITEM Drilling 
Rank Taxon Size(mm) Drilled Undrilled Frequency 
1 Astarte tri!!!limlata 8.07-10.34 3 32 0.1714 
2 Astarte tri!!ll~ata 5.60-8.07 8 74 0.1951 
Scapharca 5.32-7.06 1 17 0.1111 
invidiQsa 
3 Astarte trii;Plimlata 3.03-5.60 12 169 0.1326 
Scapharca 3.35-4.03 13 154 0.1557 
invidiosa 
Corbula mfaripa 2.00-5.06 181 1784 0.1842 
Drilling frequencies from the combined sample intervals ranged from 11-20% 
(Table 5). Second-ranked Astarte and third-ranked Corbula had the highest drilling 
frequencies at 20% and 18%, respectively (Table 5). Second-ranked Astarte (20%) was 
drilled more frequently than first-ranked Astarte (17%; Table 5). Likewise, third-ranked 
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Figure 12a. Data for constructing cost-benefit curve for Astarte trian~ata from all 
sample intervals (37-0, 37-31, 37-61). Curve represents cost-benefit curve. 
TH= thickness (mm) and IV= internal volume (cm3); Log (TH/IV)= 
2.69e.o.1 12L, P < 0.001; N = 436. 
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Figure 12b. Data for constructing cost-benefit curve for Corbula rufari:pa from all sample 
intervals (37-0, 37-31, 37-61 ). Curve represents cost-benefit curve. TH= 
thickness (mm) and IV= internal volume (cm3); Log (TII/IV) = 2.32e..o·096L, 
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Figure 12c. Data for constructing cost-benefit curve for Scapharca invidiosa from all 
sample intervals (37-0, 37-31, 37-61). Curve represents cost-benefit curve. 
TH= thickness (mm) and IV= internal volume (cm3); Log (TH/IV)= 



















Cost-Benefit Curves (OBD = 0.5-1.0 mm) 
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Figure 13. Cost-benefit curves for Red Bluff Formation (samples 37-0, 37-31, 37-61). 
TH= thickness (mm) and IV= internal volume (cm3). Dashed lines represent 
inflection points for a predator with OBD ( outer borehole diameter) = 0.5-1.0 
mm and are: Astarte triangulata. 10.34 mm; Corbula rufaripa, 5.06 mm; 
Scapharca jnvidios~ 7.06 mm. 
r 
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Scapharca ( 16%) was preyed upon more frequently than second-ranked Scapharca ( 11 %; 
Table 5). Nevertheless, none of the compared prey classes was drilled significantly 
differently from any other prey class. x.2 values were very low, ranging from only 0.02 to 
1.35. Overall, all of the prey classes were drilled at about the same drilling frequency 
(11-20%; Table 5). 
Drillhole Site Selectivity 
Naticid gastropods were highly selective of drilling site on Astarte, Corbula. and 
Scapharca from sample interval 37-0 (Figure 14). Drillhole sector 5, located in the center 
of the valve, had the greatest concentration ofnaticid drillholes (complete and incomplete 
drillholes) on Ast_arte (8/21=38%; 6 complete), Corbula (22/77=29%; 16 complete), and 
Scapharca (11/26=42%; 11 complete; Figure 14). Inclusion of drillholes from sectors 2 
and 8 with sector 5 (the sites normally drilled for most other prey species that have been 
studied; Kelley, 1988; Kelley and Hansen, 1993; Figure 5), yielded high percentages of 
drillholes for Astarte (11/21=52%; 9 complete), Corbula (43/77=56%; 32 complete), and 
Scapharca (17 /26=65%; 15 complete). The three-way 1,2 results showed a significant 
preference for drilling sectors 2, 5, and 8 when comparing dorsal-to-ventral groups of 
sectors for Astarte (1..2 = 8.00, p < 0.025), Corbula (X2 = 19.51, p < 0.005), and Scapharca 
(X2 = 12.08, p < 0.005). 
Sectors 4-6, the middle anterior-to-posterior group of sectors (Figure 5), contained 
the greatest concentration of drillholes on Astarte (13/21=62%; 11 complete), Corbula 
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Figure 14. Distribution of drillholes with respect to the nine sectors shown in Figure 5 
for the Red Bluff Formation (sample 37-0). 
r 
48 
showed a significant preference for sectors 4-6 for Astarte (X2 = 10.29, p < 0.01), Corbula 
(x2 = 10.47, p < 0.01), and Scapharca (X2 = 7.00, p < 0.05). 
For all three species combined from sample interval 37-0, sector 5 was the most 
common site (41/124=33%; 33 complete). The middle group of sectors had the greatest 
concentration of drillholes for both the dorsal-to-ventral (71/124==57%; 56 complete) and 
anterior-to-posterior comparisons (67/124=54%; 52 complete). Site selectivity was 
highly significant for both sectors 2, 5, 8 (;c2 = 36.31, p « 0.005) and sectors 4-6 (:x;2 = 
24.50, p < 0.005). Overall, the least number of drillholes was concentrated in sectors 3 
and 9 for all three species combined, both sectors of which had only four drillholes each 
out of 124 total drillholes (Figure 14). 
Similar site-selectivity results were seen in sample interval 37-31 (Figure 15). 
Sector 5 was the most preferred drillhole sector in each case on Astarte (11/28=39%; 11 
complete), Corbula (25/95=26%; 15 complete), and Scapharca (7 /24=29%; 6 complete). 
However, sector 8 (7/24=2<}0/o; 7 complete) on Scapharca also had the same number of 
drillholes as did sector 5. Including sectors 2, 5, and 8 increased the percentages for 
Astarte (21/27=78%; 20 complete), Corbula (54/95=57%; 38 complete), and Scapharca 
(14/24=58%; 13 complete). The three-way x2 results were all significant when 
comparing dorsal-to-ventral groups of sectors for Astarte (x2 = 24.22, p < 0.005), Corbula 
(x2 = 24.40, p < 0.005), and Scapharca (x2 = 1.00, p < 0.05). 
Sectors 4-6 contained the greatest concentration of drillholes on Astarte 
(14/27=52%; 14 complete), Corbula (45/95=47%; 34 complete), and Scapharca 
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Figure 15. Distribution of drillholes with respect to the nine sectors shown in Figure 5 
for the Red Bluff Formation (sample 37-31). 
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to-posterior groups of sectors for Astarte (x;2 = 8.67, p < 0.025), Corbula (X2 = 13.54, p < 
0.005), and Scapharca (x;2 = 12.25, p < 0.005). 
For all three species combined from sample interval 3 7-31, sectors 5 and 8 
contained the greatest number of drillholes (sector 5 = 43/146=29%, 32 complete; sector 
8 = 36/146=25%, 34 complete). Sectors 2, 5, and 8 had the greatest concentration of 
drillholes (89/146=61 %; 71 complete) when comparing the dorsal-to-ventral sector 
groups. Sectors 4-6 contained the most drillholes (72/146=49%; 60 complete) when 
comparing the anterior-to-posterior sector groups. The x;2 results were highly significant 
for both dorsal-to-ventral (x;2 = 50.64, p « 0.005) and anterior-to-posterior comparisons 
(x;2 = 31.62, p « 0.005). The least number of drillholes occurred in sectors 1 and 3 with 
three and five holes, respectively, out of 146 total drillholes (Figure 15). 
In sample interval 3 7-61, sector 5 was the most commonly chosen sector on 
Astarte (12/25=48%; 12 complete), Corbu1a (48/163=29%; 43 complete), and Scapharca 
(7/14=50%; 7 complete; Figure 16). Sectors 2, 5, and 8 contained the greatest 
concentration of drillholes on Astarte (21/25=84%; 17 complete), Corbula (91/163=56%; 
72 complete), and Scapharca (11/14=79%; 11 complete). The three-way x;2 results were 
all significant when comparing dorsal-to-ventral sector groups for Astarte (:x;2 = 29.84, p < 
0.005), Corbula (x;2 = 38.44, p « 0.005), and Scapharca (x;2 = 13.00, p < 0.005). 
Sectors 4-6 contained the greatest concentration of drillholes on Astarte 
(15/25=60%; 13 complete), Corbula (82/163=50%; 71 complete), and Scapharca 
(8/14=57%; 8 complete). The x;2 results were all significant when comparing anterior-to-
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Figure 16. Distribution of drillholes with respect to the nine sectors shown in Figure 5 
for the Red Bluff Formation (sample 37-61). 
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0.005), and Scapharca (x2 = 4.00, p < 0.25). 
Overall, sector 5 contained the greatest concentration of drillholes (67/202=33%; 
62 complete) from the combined species from sample interval 37-61. Sectors 2, 5, and 8 
contained the greatest number of drillholes ( 123/202=6 l %; I 00 complete) when 
comparing the dorsal-to-ventral sector groups. Middle anterior-to-posterior sectors 
contained the greatest number of drillholes (105/202=52%;-92 complete). Site selectivity 
was highly significant for both dorsal-to-ventral (x;2 = 71.18, p « 0.005) and anterior-to-
posterior comparisons (x2 = 34.29, p « 0.005). Sectors 1, 7, and 9 had the least number of 
drillholes at five, 12, and 11 holes, respectively (Figure 16). 
In combined sample intervals 3 7-0, 3 7-31, and 3 7-61, sector 5 had the greatest 
concentration of drillholes on Astarte (31/73=42%; 29 complete), Corbula (95/335=28%; 
79 complete), and Scapharca (25/64=39%; 24 complete; Figure 17). Sectors 2, 5, and 8 
also contained the greatest concentration of drillholes on Astarte (53/73=73%; 46 
complete), Corbula (188/335=56%; 126 complete), and Scapharca (42/64=66%; 39 
complete). The three-way x2 results were all significant when comparing dorsal-to-
ventral sector groups for Astarte (X2 = 50.74, p « 0.005), Corbula (x;2 = 78.81, p « 0.005), 
and Scapharca (,c2 = 30.13, p « 0.005). 
Sectors 4-6 contained the greatest concentration of drillholes on Astarte 
(42/73=58%; 38 complete), Corbula (167/335=50%; 130 complete), and Scapharca 
(36/64=56%; 35 complete). The x2 results were all significant when comparing anterior-
to-posterior groups of sectors for Astarte (X2 = 26.66, p < 0.005), Corbula (X2 = 45.71, p « 
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Figure 17. Distribution of drillholes with respect to the nine sectors shown in Figure 5 





Overall, all three combined species from the combined sample intervals 37-0, 37-
31, and 37-61 contained the greatest concentration of drillholes in sector 5 
(151/472=32%; 127 complete). Sectors 2, 5, and 8 contained the greatest number of 
drillholes (283/472=60%; 227 complete) when comparing the dorsal-to-ventral sector 
groups. Middle anterior-to-posterior sectors contained the most number of drillholes 
(245/472=52%; 203 complete}. Site selectivity was highly significant for both dorsal-to-
ventral (x;2 = 150.72, pc: 0.005} and anterior-to-posterior comparisons (x;2 = 85.89, p « 
0.005). Sectors 1 and 3 contained the least number of drillholes, 16 and 22 holes, 
respectively, out of 472 total drillholes (Figure 17). 
lntraspecific Prey Size Selectivity 
The correlation between OBD (a measure of predator size) and prey length (L) is 
positive for Astarte, Corbul'1, and Scapharca for all four OBD versus L plots from sample 
interval 37-0 (Figures 18-20). However, none of the four regressions for Scapharca is 
significant (Figure 20, Table 6). 
Following Kelley (1988), the prediction was made that normal-sited functional 
drillholes should show a greater correlation than drillholes that were complete and 
incomplete (all), complete (functional and nonfunctional), or functional (IBD:OBD >0.4). 
The drillhole site study indicated that most drillholes occurred in sectors 2, 5, and 8; 
drillholes in these sectors were thus considered "normal sited." The results showed that 
normal-sited drillholes had the greatest correlation for both Astarte (r = 0.8257, p < 0.01) 
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Figure 18a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte trianim.lata from sample. 3 7-0. Data include all 
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Figure 18b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte triangulata from sample 37-0. Data include all 
complete and functional naticid drillholes. OBD = 0.069L + 0.209, 
P < 0.001; N = 19. 
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Figure 18c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte triangulata from sample 37-0. Data include all 
functional and normal-sited naticid drillholes. OBD = 0.065L + 0.207, 
P < 0.01; N = 9. 
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Figure 19a Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from sample 37-0. Data include all 
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Figure 19b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from sample 37~0. Data include all 
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Figure 19c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaru,,a from sample 37-0. Data include all 
functional naticid drillholes. OBD = 0.160L + 0.101, P < 0.001; N = 47. 
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Figure 19d. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from sample 3 7-0. Data include all 
functional and normal-sited naticid drillholes. OBD = O.l l9L + 0.175, 
P < 0.02; N = 29. 
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Figure 20a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Sca,pharca inyidiosa from sample 37-0. Data include all 
















- (Linear Fit) 
63 
Scapharca inyidiosa 
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Figure 20b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 37-0. Data include all 
complete naticid drillholes. OBD = -0.024L + 0.559, P = not significant; 
N=24. 
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Scapharca invidiosa 
Red Bluff Fonnation, 37-0 
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Figure 20c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 37-0. Data include 















Ill 0.2 .... 
Q) -::;J 
0 
- (Linear Fit) 
65 
Scapharca invidjosa 
Red Bluff Fonnation, 37-0 
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Figure 20d. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 37-0. Data include 
all functional and normal-sited drillholes. OBD = 0.048L + 0.415, P = not 
significant; N = 14. 
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categories (Table 6). Instead, Corbula had higher correlation coefficients for complete (r 
= 0.4819, p < 0.001) and functional (r = 0.4799, p < 0.001) drillholes compared to 
normally-sited drillholes (r = 0.4479, p < 0.02; Table 6). On the other hand, all drillholes 
(complete and incomplete) should have the lowest correlation coefficient for each prey 
species because incomplete drillholes may represent the result of overly large prey 
escaping its predator (Kitchell et~-, 1981 ). Results were contrary to the predictions for 
both Astarte and Scapharca (Table 6). However, results for Corbula did meet the 
prediction (Table 6). 
TABLE 6. 
Size selectivity and success rate of predation from the Red Bluff Formation 
(sample interval 37-0). 
All Complete Functional Normal-Sited 
Holes Holes Holes Holes 
Success 
Taxon Rate r ._p r p r p r p 
Astarte 19121=0.90 0.7884 <b.001 0.7699 <0.001 0.7699 <0.001 0.8257 <0.01 
Qorbula 41n1=0.61 0.4073 <0.001 0.4819 <0.001 0.4799 <0.001 0.4479 <0.02 
Sc!ll2illll:!.il 22/26=0.85 0.2080 NS 0.1020 NS 0.0066 NS 0.2422 NS 
Correlation coefficients (r) and significance levels (p) given for outer borehole diameter vs. prey 
length for all, complete, functional, and normal-sited drillholes. Success rate = # of functional 
drillholes + all drillholes. NS = not significant. 
Astarte had the highest overall correlation coefficients between OBD and L for all 
four drillhole categories followed successively by Corbula and Scapharca (all four 
drillhole categories had nonsignificant correlations; Table 6). Naticid predation was 
--t: 
most successful on Astarte (90% ). Predation on Scapharca had a success rate of 85%, 




and 61 % of all attempted predation events on Corbula were successful (Table 6). Astarte 
had the highest rate of predation success and the greatest correlations of OBD with L. 
Scapharca had the next highest rate of predation success, but the lowest correlation 
coefficients. Finally, Corbula was preyed upon least successfully, but had slightly higher 
correlation coefficients than did Scapharca. 
OBD and prey L are positively correlated for Astarte, Corbula, and Scapharca for 
all four plots from sample interval 37-31 (Figures 21-23). However, the correlations for 
Scapharca are not significant in any of the four plots, with the exception of functional 
drillholes (Figure 23c). 
Normal-sited drillholes had the greatest correlation between OBD and L for both 
Astarte (r = 0.8384, p < 0.001) and Corbula (r = 0.7536, p < 0.001 ), but not for Scapharca 
(Table 7). Instead, Scapharca had the lowest correlation coefficient (r = 0.2048, n.s.) for 
normal-sited drillholes compared to all, complete, and functional drillholes (Table 7). 
Corbula had the lowest correlation coefficient for all drillholes, but the four correlations 
for Astarte were approximately constant (Table 7). 
Astarte had the highest overall correlation coefficients for all four drillhole 
categories, followed by Corbula with the next highest and Scapharca with the lowest 
correlation coefficients ( correlation coefficients for all four drillhole categories were 
nonsignificant; Table 7). Naticid predation was most successful on Astarte (96%). 
Predation on Scapharca had a success rate of 92%, and 75% of all attempted predation 
events on Corbula were successful (Table 7). Astarte had the highest rate of predation, 
and the greatest correlations of OBD with L. Scapharca had the next highest rate of 
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Figure 2Ia. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte trianirulata from sample 37-31. Data include all 
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Figure 21 b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte triangulata from sample 37-31. Data include all 
complete and functional naticid drillholes. OBD = O.l 14L + 0.106, 
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Figure 21c. Relationship between predator size{indicated by outer borehole diameter) 
and prey length forAstarte triangulata from sample 37-31. Data include all 
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Figure 22a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from sample 37-31. Data include all 
naticid drillholes. OBD = 0.154L + 0.058, P < 0.001; N = 95 . 
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Figure 22b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbularufiuipa from sample 37-31. Data include all 
complete and functional naticid drillholes. OBD = 0.208L - 0.085, 
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Figure 22c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from sample 37-31. Data include all 
functional and normal-sited drillholes. OBD = 0.244L - 0.191, P < 0.00 I; 
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Figure 23a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 3 7-31. Data include all 
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Figure 23b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 3 7-31. Data include 
all complete naticid drillholes. OBD = 0.047L + 0.369, P = not 
significant; N = 23. 
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Scapharca invidiosa 
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Figure 23c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 3 7-31. Data include 
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Figure 23d. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 3 7-31. Data include 
all functional and normal-sited drillholes. OBD == -0.040L + 0.626, P = not 
significant; N = 13. 
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predation, but the lowest correlation coefficients. Corbula was preyed upon least 
successfully, but had slightly higher correlation coefficients than Scapharca. 
TABLE 7. 
Size selectivity and success rate of predation from the Red Bluff'Formation 
(sample interval 37-31). 
All Complete Functional Normal-Sited 
Holes Holes Holes Holes 
Success 
Taxon Rate r p r p r p r p 
~ 26/27=0.96 0.8324 <0.001 0.8257 <0.001 0.8257 <0.()01 0.8384 <0.001 
CQill!.!lil 71/95=0.75 0.5028 <0.001 0.6772 <0.001 0.6772 <0.001 0.7536 <0.001 
Sca11barca 22/24=0.92 0.2738 NS 0.2717 NS 0.3779 <0.1 0.2048 NS 
Correlation coefficients (r) and significance levels (p) given for outer borehole diameter vs. prey 
length for all, complete, functional, and normal-sited drillholes. Success rate = # of functional 
drillholes + all drillholes. NS = not significant. 
The correlation between OBD and prey L is positive for Astarte, Corbula,. and 
Scapharca for all four OBD versus L plots from sample interval 37-61 (Figures 24-26). 
Furthermore, the correlations were also significant for all species with the exception of 
Scapharca for normal-sited drillholes (Figure 26d, Table 8). 
Contrary to predictions, none of the normal-sited drillholes yielded the greatest 
correlation within species (Table 8). Instead, complete and functional drillholes had the 
greatest correlation for Astarte (r = 0.8804, p < 0.001), Corbula (r = 0.2893, p < 0.001), 
and Sci!t)harca (also all holes for Scapharca, (r = 0.5426, p < 0.05; Table 8). Scapharca 
had the lowest correlation coefficient (r = 0.1547, n.s.) for normal-sited drillholes out of 
the three species (Table 8). None of the correlation coefficients for Astarte, Corbula, and 
Sca.pharca was the lowest for all drillholes compared to the other three drillhole 
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Figure 24a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte triangulata from sample 3 7-61. Data include 
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Figure 24b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte trianKUlatafrom sample 37-61. Data include all 
complete and functional naticid drillholes. OBD = 0.121L + 0.107, 
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Figure 24c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte triangulata from sample 37-61. Data include 
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Figure 25a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from sample 3 7-61. Data include all 
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Figure 25b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from sample 3 7-61. Data include all 
complete and functional naticid drillholes. OBD = 0.109L + 0.269, 
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Figure 25c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from sample 37-61. Data include all 
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Figure 26a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 37-61. Data include 
all complete and functional naticid drillholes. OBD = 0.0901 + 0.246, 
P < 0.05; N = 14. 
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Figure 26b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from sample 3 7-61. Data include 
all functional and normal-sited drillholes. OBD = 0.019L + 0.484, P = not 
significant; N = 11. 
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TABLE 8. 
Size selectivity and success rate of predation from the Red Bluff Formation 
(sample inten-al 37-61). 
All Complete Functional Normal-Sited 
Holes Holes Holes Holes 
Success 
Taxon Rate r p r p r p r p 
~ 21/25=0.84 0.8665 <0.001 0.8804 <0.001 0.8804 <0.001 0.8378 <0.001 
~ 126/163= 0.2483 <0.02 0.2893 <0.01 0.2893 <0.01 0.2373 <0.05 
0.77 
l:i!.l!llh!!ml 14/14=1.00 0.5426 <0.05 0.5426 · <0.05 0.5426 <0.05 0.1547 NS 
Correlation coefficients (r) and signi(reance levels (p) given for outer borehole diameter vs. prey 
length for all, complete, functional, and normal-sited drillholes. Success rate = # of functional 
drillholes + all drillholes. NS = not significant. 
categories (Table 8). 
Astarte had the highest overall correlation coefficients for all four drillhole 
categories, followed by Scapharca (except for normal-shed drillholes; n.s.) with the next 
highest and Corbula with the lowest correlation coefficients (Table 8). Naticid predation 
was most successful on Scapharca (100%). Predation on Astarte had a success rate of 
84%, and 77% of all attempted predation events on Corbula were successful (fable 8). 
Scapharca had the highest rate of predation success, but not the greatest correlations of 
OBD with L. Astarte had the next highest rate of predation success, but the highest 
correlation coefficients. Corbula was preyed upon least successfully and had the lowest 
correlation coefficients of all three species. 
The correlation between OBD and prey L is positive for Astarte, Corbula, and 
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Figure27a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte trian~lata from all sample intervals (37-0, 37-31, 
37-61). Data include all naticid drillholes. OBD = O.I02L + 0.126, 
P < 0.001; N = 73. 
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Figure 27b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte trian~ata from all sample intervals (37-0, 37-
31, 3 7-6 l ). Data include all complete and functional naticid drillholes. 
OBD = 0.103L + 0.138, P < 0.001; N = 66. 
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Figure 27c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Astarte trianiw,Iata from all sample intervals (37-0, 
37-31, 37-61). Data include all functional and normal-sited drillholes. 
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Figure 28a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from all sample intervals (37-0, 37-31, 
37-61). Data include all naticid drillholes. OBD = 0.129L + 0.143, 
P < 0.001; N = 335. 
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Figure 28b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from all sample intervals (37-0, 37-31, 
37-61). Data include all complete naticid drillholes. OBD = 0.162L + 
0.084, P < 0.001; N = 248. 
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Corbula rufaripa 
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Figure 28c. Relationship between predator size (indicated by outer borehole 
diameter) and prey length for Corbula rufarjpa from all sample 
intervals (37-0, 37-31, 37-61). Data include all functional naticid 
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Figure 28d. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Corbula rufaripa from all sample intervals (37-0, 37-31, 
37-61). Data include all functional and normal-sited drillholes. OBD = 
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Figure 29a. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from all sample intervals (37-0, 37-
31, 37-61). Data include all naticid drillholes. OBD = 0.023L + 0.432, 
P = not significant; N = 64. 
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Figure 29b. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from all sample intervals (3 7-0, 
37-31, 37-61). Data include all complete naticid drillholes. OBD = 
0.035L + 0.398, P = not significant; N = 61. 
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Figure 29c. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca inyidiosa from all sample intervals (37-0, 
37-31, 37-61). Data include all functional naticid drillholes. OBD = 
0.063L + 0.310, P < 0.05; N = 59. 
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Figure 29d. Relationship between predator size (indicated by outer borehole diameter) 
and prey length for Scapharca invidiosa from all sample intervals (37-0, 
3 7-31, 3 7-61 ). Data include all functional and normal-sited drillholes. 
OBD = O.OISL + 0.493, P = not significant; N = 38 . 
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and 37-61 (Figures 27-29). However, none of the results for Scapharca is significant 
(Figure 29, Table 9). 
Only the results for Corbula were consistent with the prediction that normal-sited 
drillholes should have the greatest correlation compared to the other three drillhole 
categories (r = 0.4679, p < 0.001; Table 9). Complete and functional drillholes showed 
the greatest correlation for Astarte and functional drillholes for Scapharca (n.s.; Table 9). 
Scapharca had a very low correlation coefficient (r = 0.0817, n.s.) for normal-sited 
drillholes, which was the lowest out of the three species (Table 9). Corbula was the only 
species to have the lowest correlation for all drillholes (r = 0.3791, p < 0.001) compared 
to the other three drillhole categories (Table 9). 
TABLE 9. 
Size selectivity and success rate of predation from the Red Bluff Formation ( all 
sample intervals 37-0, 37-31, 37-61). 
All Complete Functional Normal-Sited 
Holes Holes Holes Holes 
Success 
Taxon Rate r p r p r p r p 
~ 66/73=0.90 0.8068 <0.001 0.8094 <0.001 0.8094 <0.001 0.8062 <0.001 
Corbull!. 244/335= 0.3791 <0.001 0.4669 <0.001 0.4588 <0.001 0.4679 <0.001 
0.73 
Sc!!llb!![!;l!. 58/64=0.91 0.1226 NS 0.1822 NS 0.2889 <0.05 0.0817 NS 
Correlation coefficients (r) and significance levels (p) given for outer borehole diameter vs. prey 
length for all, complete, functional, and normal~sited drillholes. Success rate=# of functional 
drillholes + all drillboles. NS = not significant. 
Astarte had the highest overall correlation coefficients for all four drillhole 
categories followed by Corbula with the next highest and Scapharca with the lowest 
r -~--------------~ 
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correlation coefficients (all four drillhole categories were n.s.; Table 9). Naticid 
predation was most successful on Astarte (90%) and Scapharca (91%). Predation success 
on Corbula was the lowest at 73% (Table 9). Scapharca had the highest rate of predation, 
but not the greatest correlations of OBD with L. Astarte had the next highest rate of 
predation, but the highest correlation coefficients. Corbula was preyed upon least 




Some evidence for interspecific prey species selectivity by naticid gastropods was 
present within certain sample intervals from the Red BluffFonnation. A predator is 
predicted to select prey with the lowest cost:benefit ratio for a prey size that can be 
manipulated by that predator. Naticid predators from sample interval 37-0 appeared to be 
selective of second and third-ranked Astarte, Corbula, and Scapharca according to C-B 
predictions, but not all differences were statistically significant. Predation on first-ranked 
Astarte was not in accordance with the C-B predictions. One possible explanation for 
this discrepancy could be the small size of the sample (2 out of20 drilled). C-B results 
for sample intervai 37-31 did not meet the predicted expectations. Actual drilling 
frequencies for all prey classes from 3 7-31 were not consistent with predicted 
interspecific or intraspecific prey preferences. 
Cost-benefit predictions for sample interval 37-61 were in agreement with actual 
drilling frequencies for second and third-ranked Scapharca and Corbula, but not for 
second and third-ranked Astarte. Both second-ranked Scapharca and Corbula had greater 
drilling frequencies than did third-ranked Scapharca and Corbula. Only the differences 
for Corbula were significant. First-ranked Astarte was drilled more frequently than 
second-ranked Astarte and Corbula, but not more frequently than second-ranked 




drilling frequency (24 and 25% respectively). Finally, all prey items from combined 
sample intervals 37-0, 37-31, and 37-61 showed the narrowest range of drilling 
frequencies, ranging from only 11 to 20%. C-B predictions did not correspond to the 
actual drilling frequencies for any prey item. 
Drillholes within the Oligocene bivalve assemblage showed strong site selectivity 
within each individual sample interval and overall combined sample intervals. Sector 5 
was the most commonly chosen drillhole sector on all prey species. Out of the nine 
drillhole sectors, sector 5 contained the greatest concentration of complete and 
incomplete drillholes among all three prey species. Overall drillhole percentages from 
sector 5 for each prey species from the combined sample intervals were: Astarte (42%), 
Corbula (28%), and Scapharca (40°/c,). Furthermore, a significantly greater concentration 
of drillholes occurred in sectors 2, 5, and 8 compared to other dorsal-to-ventral sector 
groups within all prey species in all sample intervals. Percentages of drillholes in sectors 
2, 5, and 8 for each prey species from the combined sample intervals were: Astarte 
(71%), Corbula (56%), and Scapha:rca (67%). Lastly, the middle posterior-to-anterior 
sector group, when compared to the other two posterior-to-anterior sector groups, also 
contained a significantly greater concentration of drillholes for each prey species from all 
sample intervals. Results for that group of sectors from the combined sample intervals 
for each prey species were: Astarte (58%), Corbula (49%), and Scapharca (56%). 
All three prey species showed intraspecific prey size selectivity. All four drillhole 
categories from sample interval 37-0 exhibited significant correlations between OBD and 
prey size for both Astarte and Corbula. However, the four categories for Scapharca had 
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all nonsignificant correlations of OBD and L. Astarte had both the highest correlations of 
OBD and Land the highest success rate (90%) when compared to the other two prey 
species. Corbula had the lowest success rate ( 61 % ), but not the lowest correlations. 
Results for Astarte and Scapharca were consistent with the prediction that normal-sited 
drillholes should have the greatest correlation with predator and prey size. Conversely, 
the prediction that all drillholes (complete and incomplete drillholes) should have the 
lowest correlation of OBD and L was not met by any of the three prey species. 
Prey size selectivity results from sample interval 3 7-31 were similar to the results 
from 37-0. All four drillhole categories showed significant correlations of OBD and prey 
size for both Astarte and Corbula. Scapharca did not exhibit any significant correlations 
ofOBD and L with the exception of functional drillholes (p < 0.05). Astarte had both the 
highest correlations with respect to OBD and the highest success rate (96%) when 
compared to the other two prey species. Corbula had the lowest success rate (75%), but 
not the lowest correlations. Scapharca had a higher success rate (92%), but had the 
lowest correlations. Normal-sited drillholes had significant correlations for both Astarte 
and Corbula, but only Corbula met the prediction that normal-sited drillholes should 
show the greatest correlation. Corbula was also the onl~ prey species that met the 
prediction that all drillholes should show the lowest correlation. 
Prey size selectivity results from sample interval 37-61 were unlike the results 
from sample intervals 37...() and 37-31. All four drillhole categories showed significant 
correlations of predator and prey size for Astarte, Corbula, and Scapharca, with the only 
exception being normal-sited drillholes for Scapharca. Astarte had the highest 
b ... l t, . 
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correlations of OBD and L, but second highest success rate (84%) when compared to 
Scapharca (100%). Corbula had the lowest success rate (77%) and the lowest 
correlations, except for normal-sited drillholes on Scapharca. Neither normal-sited 
drillholes nor all drillholes met the predictions for any of the three prey species. 
Complete and functional holes showed the greatest correlation between OBD and L for 
all Astarte, Corbul!!, and Scapharca (also all holes for Scapharca). 
Astarte and Corbula both exhibited significant correlations between predator and 
prey size from the combined sample intervals 37-0, 37-31, and 37-61. Functional 
drillholes were the only holes that showed a significant correlation for Scapharca. Astarte 
had the highest correlation for all drillhole categories and a high success rate (90%). 
Scapharca had the highest success rate at 91 %. Corbula had the lowest success rate 
(73%), but Scapharca had the lowest correlations ofOBD and L. 
In general, Astarte showed the greatest correlations of OBD and L and had high 
predation success rates (84-96%). On the other hand, Scapharca had the lowest OBD-L 
correlation for three of the four sample comparisons, but the greatest success rate for two 
of the four samples. Corbula had the lowest success rate in all four samples. This low 
success rate may be attributed to the presence of a distinct conchiolin layer ( organic 
layer) within the shell of corbulids that might act as an impediment to predation (Kelley, 
1988; Anderson et al., 1991; see Anderson, 1992 for alternative explanations for the 
conchiolin layer).· Results did not meet the prediction that functional drillholes would 
have the greatest correlation of OBD and L and that the lowest such correlation should 
occur for all drillholes (complete and incomplete drillholes). 
. ·r·. , .. ·-~·,,ft, ... ''"?·~-~ .... 
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Vermeij (1987) suggested that drilling predation significantly increased between 
the Cretaceous and Eocene. However, Venneij (1987) cautioned that the history of 
drilling predation since the Cretaceous is still poorly widerstood and that careful studies 
of trends within lineages and between fossil assemblages of different ages are necessary. 
Therefore, it is important to compare the early Oligocene record of drilling predation with 
prey size and species selectivity results from previous predator-prey studies. If there has 
been an increase in drilling predation, including prey size and species selectivity, then it 
shoilld be seen in the fossil record. This next section will briefly discuss the some of the 
important results from previous investigations of Eocene, Miocene, Pliocene, Pleistocene, 
and Recent assemblages. 
Kelley and Hansen (in press) have recently completed an investigation involving 
11 bivalve prey species from four lower to upper Eocene U.S. Coastal Plain assemblages. 
The Eocene C-B analysis revealed that only one of four fossil assemblages studied 
showed predicted prey preferences that were consistent with actual drilling frequencies 
(Kelley and Hansen, in press). They determined that escalation had occurred since the 
Eocene, because prey selectivity appeared less developed than for Neogene and Recent 
assemblages. Interspecific prey selectivity was less developed than in younger fossil 
assemblages, but contrary to predictions, prey size selectivity was well developed for nine 
of the eleven bivalve species studied (Kelley and Hansen, in press) and similar to results 
from nine Miocene bivalve species from the Chesapeake Group of Maryland (Kelley, 
1988). 
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Kelley and Hansen's (in press) results are quite similar to those of the three 
Oligocene prey species. Both studies show very little prey species selectivity, but exhibit 
highly significant intraspecific prey size selectivity. In addition, corbulids from both 
studies displayed the lowest rates of successful predation. 
Arua and Hoque ( 1989) collected data from over 1300 drillholes in eleven 
gastropod and nine bivalve prey species from an Eocene assemblage in Nigeria. They 
concluded that infauna! prey species were drilled dominantly by naticid predators. 
Predators were also highly selective of drillhole site on all nine bivalve prey species, 
especially the middle sector (sectors 2, 5, and 8), with 72.4% of the naticid and muricid 
drillholes (Arua and Hoque, 1989). Furthermore, seven of the nine bivalve species had 
the greatest concentration of drillholes located in the middle sector (sectors 2, 5, and 8; 
Arua and Hoque, 1989). They also found that sector 5 contained the greatest 
concentration of drillholes (34.8%) when compared to the other eight drillhole sectors 
(Arua and Hoque, 1989). Unfortunately, Arua and Hoque (1989) did not conduct a C-B 
analysis. However, their drillhole site selectivity results are comparable to Oligocene site 
selectivity results in this study. 
Kelley's (1988) study focused on naticid preferences with respect to five Miocene 
bivalve taxa from the Chesapeake Group of Maryland. In general, C-B predictions were 
in agreement with the actual drilling frequencies, with a few exceptions. In particular, 
corbulids were drilled much less frequently than predicted. Kelley (1988) provided two 




Naticid predation in the Miocene was highly selective with respect to prey size 
and drillhole site. Kelley (1988) fowid that prey taxa showing the greatest prey 
selectivity of size and drillhole site also exhibited the greatest rates of successful 
predation. On the other hand, Corbula idonea displayed the least size and drillhole site 
selectivity as well as lowest success rate (Kelley, 1988). Overall, Kelley (1988) 
determined that naticid predation was well developed in the Miocene. 
There are some differences and similarities between Kelley's (1988) study and the 
Oligocene study. First, there appears to be a greater agreement between predator 
preferences predicted by C-B analyses and actual drilling frequencies in the Miocene 
compared to the Oligocene. Naticid predators may have been more selective of prey 
species in the Miocene compared to the Oligocene. Second, intraspecific prey size and 
drillhole site selectivity were strongly exhibited. by both studies. Finally, even though the 
number of corbulids from the Oligocene study was greater, both studies showed low 
predation success rates for corbulids. 
Hoffman and Martinell (1984) conducted a study involving 34 gastropod and 29 
bivalve species from northeast Spain (Pliocene). The results from their study showed that 
naticid predators were highly selective of prey species and size and drillhole site 
(Hoffman and Martinell, 1984 ). However, Hoffman and Martinell' s ( 1984) results show 
significant levels of predation for only a few prey species containing large sample sizes. 
Most of the studied prey species were poorly represented within the sample (37 out 63 
prey species contained < 10 specimens per sample). No C-B analyses were performed. 
T 
108 
Anderson et al. ( 1991) examined naticid predation on two bivalve prey species 
from the Plio-Pleistocene of Florida, Varicorbula caloosae and Chione cancellata. Cost-
benefit analyses were generally inconsistent with the predicted rankings. Instead of 
finding one prey item preferred over another, Anderson et al. (1991) determined that 
equal predation had occurred on V aricorbula and Chione. However, both prey size and· 
drillhole site selectivity were evident in both species (Anderson et al., 1991). Nonrandom 
siting of drillholes occurred on both prey species. The preferred drillhole sector on 
V aricorbula was sector 2, and on Chione, sectors 5 and 6 (Anderson et al., 1991 ). In 
general, OBD and L were positively correlated at all sample sites for Chione, but at only 
one of four sample sites for Varicorbula (Anderson et al., 1991). Success rates for 
Varicorbula were lower (67-93%) compared to Chione (85-99'1/o). Anderson et al. (1991) 
attributed the lack of size selectivity and low rate of predation success on V aricorbula to 
its overall large size (L ), not to the existence of conchiolin layers. One important point to 
note is that predation success rates for the Eocene, Oligocene, Miocene, and Pleistocene 
corbulids have steadily decreased from the Eocene through the Miocene and then 
increased again in the Pleistocene [success rates: Eocene= 67-85% (Kelley and Hansen, 
in press); Oligocene= 61-77%; Miocene= 40% (Kelley, 1988); Pleistocene= 67-93% 
(Anderson et al., 1991)). 
Kitchell et al. (1981) originally formulated and tested their C-B model on extant 
· species of one naticid gastropod and four bivalve prey. Prey species included~ 
arenaria, Mercenaria mercenari!b Mytilus edulis, and Chione cancellata. These prey 
species were chosen for that study because the naticid Polinices duplicatus had been 




shown to have strong prey preferences for these species. 
As a result of the study, Kitchell et al. (1981) determined that prey selection by 
Polinices was nonrandom with respect to both prey species and prey size. Furthermore, 
they confirmed that predators were also selective of drillhole site on each prey species. 
On the other hand, non-normal drillhole sitings were generally found on prey specimens 
that were either too small or large compared to a predator's preferred prey size range 
(Kitchell et al., 1981 ). They concluded that their C-B model can be useful for making 
predictions for predator prey preferences, but must be used with some caution. 
Finally, a paper by Kelley and Hansen (1993) has summarized the evolution of the 
naticid gastropod predator-prey system since the Late Cretaceous. They conducted a 
comprehensive survey of naticid predation on over 40,000 bivalve and gastropod 
specimens from Upper Cretaceous through lower Oligocene formations within the United 
States Gulf and Atlantic Coastal Plain. They found that naticid predation on molluscs 
was relatively low through the Cretaceous but rose sharply above the Cretaceous-Tertiary 
(K-T) boundary and remained high until the late Eocene (Kelley and Hansen, 1993). A 
substantial decrease in predation appeared near the Eocene-Oligocene (E-0) boundary, 
and then predation increased again somewhat in the Oligocene (Kelley and Hansen, 
1993). 
Kelley and Hansen ( 1993) also showed that no temporal trends occurred for 
drillhole siting since the Cretaceous, but the number of incomplete drillholes and multiple 
drilled shells has increased both within faunas and individual lineages. This is in 
agreement with the hypothesis of escalation and suggests that prey effectiveness has 
----------------------------------------llilil'I,,, 
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increased over time. 
Kelley and Hansen ( 1993) did not conduct C-B analyses, but examined drilling 
"-
intensities since the Cretaceous. They determined that naticid predation intensities from 
the early Oligocene were similar to those in the Cretaceous, but were greater than 
predation levels for the late Eocene. However, they found that Astarte and Corbula from 
the Red Bluff Formation showed no anterior-to-posterior preferences for drillhole 
position, which is contrary to the results of this study. The sample sizes for all three 
species from Kelley and Hansen's (1993) study were smaller. On the other hand, both 




1) Cost-benefit analysis did not predict naticid prey preferences within any of the 
sample intervals. The C-B predictions for sample interval 37-0 were 
contradictory with actual drilling frequencies for all three species. Likewise, C-B 
predictions for sample interval 37-31 were inconsistent with actual drilling 
frequencies for all three prey species. Scapharca and Corbula from sample 
interval 37-61 exhibited drilling frequencies in accordance with the C-B 
predictions, but Astarte did not meet expectations. Prey preferences from the 
combined sample intervals (37-0, 37-31, 37-61) were not in agreement with the 
C-B predictions. Drilling frequencies for the combined stratigraphic sample were 
similar for all prey classes, ranging from only 11 to 20%. 
2) Drillhole site selectivity was highly significant for each sample interval as well as 
from the combined sample intervals. Drillhole sector 5 was the most commonly 
chosen site for both complete and incomplete naticid drillholes on all three prey 
species. Most driHholes were concentrated in sectors 2, 5, and 8 (dorsal-to-ventral 
comparison) and sectors 4-6 (posterior-to-anterior comparison). 
3) Naticid predation on all three prey species was size selective, at least for complete 
and functional drillholes. Astarte exhibited the strongest relationship between 




con't!lation of0BD and L from each sample interval for Astarte was not 
consistently seen in the same drillhole category. Scapharca consistently showed 
the lowest correlations (most were not significant) in three out of the four sample 
interval comparisons. Corbula displayed the lowest correlation (all were 
significant) only in sample interval 37-61. 
4) Drilling success rates for Astarte (84-96%) and Scapharca (85-100%) were 
commonly high for all sample intervals. Corbula ( 61-77%) consistently had the 
lowest success rates of the three prey species. 
5) The results from this study showed some evidence for interspecific prey 
selectivity and intraspecific prey size selectivity within the Oligocene Red Bluff 
Formation. The level of Oligocene prey selectivity was similar to that from the 
Eocene, but was less developed than that in Neogene or Recent assemblages. 
Thus, these results are in accordance with the hypothesis of escalation in that 
naticids were less prey selective in the late Eocene and early Oligocene compared 
to the Neogene. However, the extent of drillhole site selectivity was greater in the 
Oligocene when compared to the Eocene and appeared to remain high at least into 
the Miocene. Overall, it is difficult to provide definitive conclusions about the 
history ofnaticid prey selectivity because of the lack ofC-B studies conducted so 
far. Once more studies have been completed, greater certainty in their 
conclusions can be achieved. 
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Astarte triangulata, Red Bluff Fm., Mississippi (37-0) 
Number L TH IV OBD IBD Conip. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1- 9) (N/M) 
1 9.38 0.67 0.072 
2 8.58 0.65 0.051 
3 8.43 0.57 0.051 
4 7.57 0.58 0.044 
5 6.91 0.38 0.037 
6 6.83 0.40 0.031 
7 6.19 0.41 0.018 
8 5.65 0.40 0.015 
9 5.47 0.41 0.013 0.54 0.54 y 9 M 
10 5.47 0.32 0.010 
11 4.83 0.34 0.009 0.65 0.35 y 8 N 
12 4.95 0.30 0.010 
13 5.19 0.34 0.011 
14 4.71 0.30 0.007 
15 4.45 0.26 0.006 0.28 0.28 y 7 M 
16 4;59 0.37 0.008 
17 4.32 0.31 0.006 0.65 0.65 y 7 M 
18 4.23 0.30 0.007 
19 4.33 0.25 0.007 0.78 0.53 y 7 N 
20 3.72 0.28 0.006 
21 3.69 0.18 0.005 
22 3.96 0.20 0.005 
23 3.76 0.26 0.005 0.47 0.31 y 1 N 
24 3.59 0.25 0.004 
25 3.77 0.24 0.005 
26 3.61 0.23 0.004 
27 3.48 0.26 0.004 
28 3.38 0.23 0.003 
29 3.62 0.22 0.004 
30 3.31 0.23 0.003 
31 3.58 0.28 0.004 
32 3.15 0.24 0.003 
33 3.22 0.20 0.003 
34 3.26 0.20 0.003 
35 3.07 0.20 0.002 
T 
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TABLE 10. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm} (mm} (cm3 } (mm} (mm) (Y/N) ( 1-9) (N/M) 
36 3.24 0.24 0.003 
37 2.94 0.23 0.002 
38 2.46 0.17 0.002 
39 2.14 0.15 0.001 
40 2.28 0.13 0.001 
41 2.33 0.17 0.001 0.41 0.31 y 5 N 
42 2.56 0.23 0.002 
43 2.04 0.14 0.001 
44 2.14 0.17 0.001 
45 2.44 0.18 0.002 
46 2.49 0.21 0.002 
47 2.88 0.17 0.003 
48 2.41 0.18 0.002 
49 2.20 0.16 0.001 
50 2.82 0.21 0.003 
51 2.32 0.13 0.002 0.20 0.14 y 5 N 
52 1:57 0.11 0.0005 
53 2.20 0.16 0.002 
54 2.51 0.17 0.002 
55 1. 78 0.11 0.001 
56 1.66 0.12 0.0005 
57 2.00 0.13 0.001 
58 1.94 0.14 0.001 
59 2.16 0.15 0.001 
60 1.44 0.08 0.0003 
61 2.53 
62 3.12 0.26 0.004 
63 10.34 0.56 0.078 0.82 0.58 y 8 N 
64 8.72 0.61 0.051 
65 10.09 0.47 0.069 
66 11. 62 0.63 0.101 
' I 67 9.16 0.64 0.046 
i I 68 9.47 0.72 0.065 
69 9.50 0.45 0.053 
70 8.22 0.52 0.036 0.42 N 2 M 
71 8.75 0.52 0.035 
72 9.25 0.59 0.042 
73 6.43 0.42 0.014 
._ ____ lliililillll _______________ ..... .._ ______ ,R' 
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TABLE 10. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
74 9.44 0.67 0.045 
75 8.10 0.37 0.040 
76 8.79 0.56 0.053 0.73 N 5 N 
77 7.82 0.44 0.027 
78 7.46 0.30 0.028 
79 5.64 0.30 0.010 
80 6.81 0.31 0.020 
81 7.58 0.40 0.032 
82 6.08 0.32 0.020 
83 7.13 0.38 0.024 
84 5.72 0.37 0.018 
85 5.98 0.34 0.014 0.64 0.38 y 7 N 
86 6.05 0.25 0.013 0.52 0.44 y 6 N 
87 5.00 0.25 0.009 
88 4.85 0.25 0.009 
89 5.38 0.30 0.011 
90 5:24 0.24 0.010 
91 4.52 0.25 0.007 
92 4.86 0.23 0.006 
93 4.57 0.21 0.005 
94 4.52 0.31 0.006 
95 4.18 0.24 0.005 
96 4.03 0.22 0.005 
97 4.22 0.25 0.006 
98 4.15 0.21 0.006 
99 3.94 0.21 0.006 
100 3.99 0.25 0.005 
101 3.54 0.24 0.004 
102 4.24 0.21 0.006 
103 4.05 0.21 0.005 
104 3.77 0.18 0.005 
105 3.58 0.22 0.004 
106 3.45 0.21 0.004 
107 3.92 0.23 0.005 
108 3.42 0.23 0.004 
109 4.10 0.25 0.006 0.43 N 5 N 
110 3.69 0.23 0.005 
----.... -------------------------~-? 
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TABLE 10. (cont.) 
Number L TH IV OED IBD Comp. Site Type 
(mm) (mm) ( cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
111 5 .30 0.26 0.010 
112 5.09 0.25 0.009 
113 4.21 
114 3.45 
115 3.55 0.22 0.004 
116 3.82 0.22 0.005 
117 4.06 0.29 0.007 
118 3.48 0.27 0.005 
119 3.90 0.23 0.006 
120 4.09 0.22 0.007 
121 3.71 0.26 0.006 
122 3.79 0.22 0.006 
123 3.39 0.20 0.004 
124 3.27 0.22 0.004 
125 3.03 0.22 0.003 
126 2.93 0.21 0.003 
127 2·. 82 0.17 0.002 
128 3.14 0.21 0.003 
129 2.73 0.17 0.002 
130 3.15 0.20 0.003 
131 3.30 0.18 0.003 
132 2.91 0.2 0.002 
133 3.11 0.22 0.003 
134 2.96 0.18 0.003 
135 2.58 0.17 0.002 
136 2.68 0.18 0.002 
137 2.94 0.17 0.002 
138 2.89 0.18 0.003 
139 2.63 0.17 0.002 
140 2.75 0.16 0.002 
141 2.83 0.18 0.002 
142 2.77 0.16 0.002 
143 2.74 0.17 0.002 
144 2.82 0.18 0.002 
145 2.63 0.16 0.002 
146 2.75 0.18 0.002 
147 2.68 0.17 0.002 
148 2.74 0.17 0.002 
:l!',_,' 
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TABLE 10. (cont.) 
Number L TH IV OBD IBO Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9} (N/M) 
149 2.77 0.19 0.002 
150 2.57 0.16 0.002 
151 2.67 0.19 0.002 
152 2.66 0.15 0.002 
i I 
153 2.45 0.17 0.001 
154 2.48 0.15 0.001 
155 2.35 0.16 0.001 
156 2.26 0.20 0.001 
157 2.19 0.10 0.001 
158 2.38 0.16 0.001 
159 2.28 0.18 0.001 
160 2.31 0.15 0.001 
161 2.22 0.17 0.001 
162 2.32 0.16 0.001 
163 2.38 0.12 0.001 
164 2.42 0.17 0.001 
165 2.23 0.15 0.001 
166 2.19 0.11 0.0005 
167 2.01 0.12 0.0005 
168 2.14 0.13 0.0005 
169 2.08 0.12 0.0005 
170 1. 96 
171 1. 98 
172 1. 89 
173 1.80 
I , 
I , 174 1. 90 
175 1. 77 
176 1. 65 
I, 
177 1. 88 
178 1. 96 
179 1.86 
180 1.74 
181 1. 85 
182 1.79 





TABLE 10. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
187 3.49 
188 3.01 
189 3.78 0.59 0.41 y 4 N 
190 3.59 0.56 0.38 y 5 N 
191 3.74 0.41 0.18 y 5 N 
192 3.65 0.48 0.36 y 7 N 
193 3.35 0.36 0.36 y 5 M 
194 3.44 0.45 0.25 y 4 N 
195 3.03 0.35 0.35 y 5 M 
196 2.67 0.40 0.32 y 4 N 
197 3.10 0.35 0.30 y 5 N 
198 2.26 0.27 0.27 y 6 M 
199 2.39 0.34 0.24 y 7 N 
200 1.98 0.21 0.18 y 4 N 
201 2.03 0.21 0.16 y 5 N 
202 2.76 0.53 0.30 y 8 N 
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TABLE 11. 
Corbula rufaripa, Red Bluff Fm., Mississippi (37-0) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
1 4.36 0.32 0.010 
2 4.02 0.36 0.009 
3 5.62 0.41 0.019 
4 4.69 0.35 0.010 
5 4.22 0.23 0.010 
6 3.55 0.18 0.007 
7 3.66 0.24 0.007 0.73 0.57 y 5 N 
8 4.62 0.31 0.010 
9 4.28 0.22 0.010 
10 3.27 0.22 0.005 
11 5.05 0.33 0.017 
12 4.35 0.26 0.008 
13 3.78 0.27 0.006 
14 5.07 0.32 0.015 
15 4.39 0.31 0.010 0.75 0.53 y 1 N 
16 4.59 0.19 0.010 
17 4.26 0.29 0.011 
18 3.62 0.26 0.006 
19 3.88 0.30 0.008 0.91 0.91 y 1 M 
20 3.44 0.36 0.005 
21 4.30 0.34 0.007 
22 4.19 0 .31 0.009 
23 4.16 0.27 0.008 
24 2.67 0.16 0.003 
25 4.07 0.10 0.006 
26 4.12 0.21 0.006 
27 4.68 0.32 0.008 
28 2.93 0.24 0.004 
29 3.02 0.22 0.004 
30 3.47 0.21 0.005 
31 4.21 0.23 0.007 
32 3.48 0.26 0.007 0.55 N 5 M 
33 3.91 0.25 0.009 
34 2.85 0.19 0.004 
35 3.26 0.27 0.005 
36 3.74 0.23 0.007 
37 2.50 0.24 0.003 0.37 0.32 y 5 N 
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TABLE 11. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
38 3.92 0.23 0.008 
39 3.49 0.15 0.006 
40 3.12 0.20 0.004 
41 3.54 0.33 0.007 
42 4.62 0.34 0.014 
43 2.41 0.20 0.003 
44 2.30 0.14 0.002 
45 4.27 0.22 0.010 0.97 0.89 y 1 N 
46 2.98 0.13 0.004 0.56 0.37 y 9 N 
47 4.02 0.19 0.012 
48 4.10 0 .26 0.010 
49 3.83 0.36 0.007 
50 3. 73 0.17 0.006 
51 4.26 0 .29 0.012 
52 3.36 0.23 0.005 
53 2.90 0.21 0.004 
54 3~99 0.38 0.008 
55 3.12· 0.28 0.005 
56 2.70 0.21 0.003 
57 2.65 0.16 0.003 
58 2.72 0.06 0.003 
59 2.88 0.14 0.004 
60 2.60 0.18 0.003 
61 3.29 0.14 0.005 
62 2.94 0.20 0.004 
63 3.36 0.14 0.005 
64 2.98 0.25 0.004 
65 3.07 0.22 0.004 0.42 0.25 y 5 N 
66 2.87 0.26 0.004 
67 3.82 0.15 0.006 
68 3.69 0.22 0.005 
69 3.03 0 .27. 0.003 0 .40 N 2 M 
70 3.52 0 .20 0.005 
71 3.52 0 .21 0.005 
72 3.04 0.23 0.004 
73 3.02 0.24 0.004 
74 3.89 0.28 0.006 




TABLE 11. (cont. l 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
76 2.89 0.14 0.003 
77 2. 94 0.16 0.003 
78 2.94 0.17 0.003 
79 2.67 0.17 0.002 
80 2.67 0.13 0.002 
81 2.63 0.12 0.002 0.31 N 5 M 
82 2.46 0.15 0.001 
83 . 2. 97 0.15 0.003 
84 2.55 0.18 0.002 
85 2.43 0.09 0.001 
86 2.79 0.14 0.002 
87 3.01 0.21 0.003 
88 2.95 
89 4.24 











100 4.37 0.70 N 5 N 
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TABLE 11. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
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TABLE 11. (cont.) 
Number L TH IV OED IBD Comp. Site Type 





154 2.42 0.16 N 8 M 

































TABLE 11. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) {N/M) 
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TABLE 11. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
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TABLE 11. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 































288 2.82 0.35 0.08 y 5 N 











TABLE 11. (cont. J 
Number L TH IV OBD IBO Comp. Site Type 

















314 2.51 ,, 
" 315 3.55 
316 3.55 
















333 2.63 0.18 N 4 N 
334 2.79 
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TABLE 11. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 


































367 2.87 0.26 0.07 y 8 N 







TABLE 11. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 




374 1. 98 
I 375 2.22 








384 1. 96 
385 3.76 
386 2.42 0.08 0.02 y 4 N 
387 1·. 76 
388 2.51. 
389 2.48 









399 4.24 0.54 0.39 y 5 N 
400 3.06 0.53 0.46 y 5 N 
401 3.00 0.56 0.37 y 5 N 
402 3.93 0.79 0.79 y 5 M 
403 4.33 0.87 0.53 y 4 N 
404 3.38 0.67 0.37 y 5 N 
405 2.37 0.83 0.80 y 7 N 
406 4.51 0.46 0.35 y 5 N 




TABLE ll. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
. 408 5.06 0.99 0.81 y 6 N 
409 3.16 0.61 0.35 y 5 N 
410 3.00 0.72 0.48 y 4 N 
411 3.01 0.60 0.31 y 2 N 
412 3.12 0.46 0.32 y 8 N 
413 2.88 0.48 0.45 y 5 N 
: ) 
414 2.55 0.43 0.41 y 5 N 
I 415 2.41 0.40 0.36 y 5 N 
416 3.19 0.32 0.32 y 2 M 
417 3.41 1.30 1.26 y 6 N 
418 4.70 0.99 0.47 y 8 N 
419 3.35 0.46 0.31 y 2 N 
420 2.40 0.37 0.21 y 2 N 
421 2.81 0.24 N 4 M 
422 2.84 0.42 o. 37 y 2 N 
423 2.60 0.53 0.29 y 6 N 
424 2.92 0.30 0.30 y 9 M 
425 3.40 0.88 0.59 y 8 N 
426 3.16 0 .39 N 2 N 
427 2.93 0.33 N 5 N 
428 3.80 
429 2.56 1.14 0.74 y 4 N 
430 2.12 0.44 0 .40 y 7 N 
431 2.54 0.44 0. 36 y 7 N 
432 2.03 0.50 0.47 y 9 N 
433 3.13 0.40 0.28 y 8 N 
434 2.40 0.74 0 .45 y 5 N 
435 2.51 0.42 N 3 N 
0.38 N 5 N 
436 2.12 0.30 0.30 y 6 M 
437 2.53 0.20 0.16 y 5 N 
438 2.42 0.39 0.29 y 1 N 
439 1. 96 0.61 0 .34. y 5 N 
440 2.21 0.35 N 7 N 
441 2.24 0.47 0.42 y 5 N 
442 2.19 0.28 0.22 y 8 N 
443 2.64 0.32 0.25 y 1 N 
,II· •-----i-,.,.._ ____________________ llllii_illiiiiilil'~ ·111· ---------..,...,..~~ 
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TABLE 11. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N} ( 1-9) (N/M) 
444 2.62 0.83 0.66 y 2 N 
445 2.62 0.47 0.40 y 2 N 
446 4.73 0.44 N 8 N 
0.43 N 4 N 
447 4.52 
448 5.17 0.51 N 2 N 
0.81 N 1 N 
449 3.89 0.39 N 5 M 
0.45 N 6 M 
450 3.28 0.20 0.20 y 6 M 
451 3.20 0.43 0.24 y 2 N 
0.36 N 7 N 
452 3.02 0.52 N 2 N 
0.54 N 7 N 
453 2.38 0.29 N 5 N 
454 2.87 0.93 0.57 y 6 N 
0.86 N 4 N 
455 3.70 0. 4.8 N 6 N 
0.31 N 6 N 
0.32 N 1 M 
0.53 N 8 N 
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TABLE 12. 
Scapharca invidiosa, Red Bluff Fm., Mississippi (37-0) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) {Y/N) (1-9) (N/M) 
1 8.23 0.23 0.020 
2 6.98 0.26 0.015 
3 8.94 0.27 0.030 
4 7.75 0.31 0.020 
5 5.28 0.24 0.009 
6 5.89 0.26 0.010 
7 6.12 0.20 0.010 
8 6.71 0.22 0.014 
9 5.12 0.28 0.008 
10 4.61 0.21 0.005 
11 5.38 0.19 0.006 
12 5.11 0.25 0.005 
13 4.81 0.23 0.005 
14 4.76 0.18 0.005 
15 4.83 0.17 0.005 
16 4.52 0.15 0.004 
17 4.57 0.22 0.004 
18 4.41 0.19 0.005 
19 4.31 0.20 0.004 
20 4.99 0.20 0.006 !I ,1 
11 21 4.42 0.20 0.005 ' ., 
22 4.70 0.15 0.004 " 
23 4.26 0.12 0.004 
n 
11 
24 4.22 0.14 0.003 
25 4.38 0.20 0.003 
26 4.17 0.19 0.004 
27 4.09 0.29 0.004 
28 4.00 0.24 0.003 
29 3.93 0.20 0. 003 
30 4.08 0.17 0.003 
31 3.68 0.20 0.003 
32 3.87 0.21 0.003 
33 3.71 0.22 0.003 
34 3.78 0.17 0.003 
35 3.81 0.22 0.003 
36 4.15 0.19 0.004 
37 4.21 0.15 0 .0.04 
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TABLE 12. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) ( crn3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
38 3.65 0.18 0.003 
39 3.39 0.21 0.002 
40 3.42 0.17 0.002 
Ii 41 4.01 0.16 0.003 
42 3.64 0.16 0.003 
43 3.95 0.21 0.003 
44 3.75 0.24 0.003 
45 3.71 0.15 0.003 
46 3.64 0.12 0.003 
47 3.76 0.12 0.003 
48 3.82 0.14 0.002 
49 3.70 0.13 0.003 
50 3.38 0.22 0.002 
51 3.33 0.18 0.002 0.11 0.07 y l N 
52 3.44 0.23 0.002 
53 4.01 0.19 0.003 
54 3:63 0.16 0.003 
55 3.90 0.19 0.003 
'I 56 4.09 0.20 0.003 ' 
I: 57 3.24 0.16 0.002 
Ii 58 3.65 0.16 0.003 
I I 
59 3.72 0.13 0.002 
60 3.55 0.16 0.002 <i 
I! 
61 3.34 0.18 0.002 
Ji 
'I 
62 3.40 0.16 0.002 
63 3.43 0.17 0.002 0.22 0.17 y 3 N 
0.10 0.10 y 3 M 
64 3.73 0.16 0.003 
65 3.47 0.17 0.002 
66 3.87 0.14 0.002 
67 3.49 0.18 0.002 
68 3.26 0.18 0.002 
69 3.57 0.19 0.003 
70 3.23 0.16 0.002 
71 3.33 0.13 0.002 
72 3.42 0.19 0.002 
73 3.05 0.21 0.001 
74 2.94 0.17 0.001 
£!%£it, '.Jl, 2ilwa&!.XM:J4tt &&.UF.cM AA _MIC 
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TABLE 12. (cont.) 
Number L TH IV OED IBD comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
75 3.00 0.11 0.002 
76 3.09 0.12 0.002 
77 3.11 0.14 0.002 
78 3.19 0.1.5 0.002 
79 2.99 0.14 0.001 
80 3 .43 0.11 0.002 
81 3.23 0.1.5 0.002 
82 3.24 0.15 0.002 
83 2.98 0.21 0.001 
84 3.55 0 .1.2 0.002 
85 2.85 0.19 0.001 
86 2.81 0.23 0.002 
87 3.40 0.12 0.002 
88 2.81 0.13 0.001 
89 3.29 0.15 0.002 .I ·I 
90 3.03 0.17 0.002 
ii 
' ,, 
91 3.14 0.13 0.002 
:I ,. 
'" 
92 3.17 0.18 0.002 11 




94 2.58 0 .1.3 0.001 
95 2.84 0 .1.5 0.001 11 
ii 
96 2.89 0.15 0.002 
97 3.00 0.12 0.001 ,1 
98 3.03 0.1.5 0.002 11: ii. 
99 2.85 0.12 0.001 " 
100 2.62 0.15 0.001 
',i: 
'· 
101 2.91 0.09 0.001 
102 2.49 0.19 0.001 
103 2.90 0.09 0.001 
104 2.74 0.16 0.001 
105 2.68 0.14 0.001 
106 2.58 0.13 0.001 
107 2.57 0.17 0.001 
108 2.55 0.16 0.001 
109 2.54 0.1.2 0.001 
11.0 2.61 0.14 0.001 
11.1 2.49 0.14 0.001. 
112 2.34 0.13 0.001 
---.... --------------~-----------... ---------··y. 
-- --- ---~--------------
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TABLE 12. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
113 2.63 0.14 0.001 
114 2.26 0.11 0.001 
115 2.18 0.10 0.001 




I : 118 3.05 
I : 119 3.76 
120 2.80 
121 5.95 0.30 0.10 y 2 N 
0.19 0.19 y 3 M 
122 4.77 
123 4.83 
124 4.66 0.51 0.40 y 8 N 
125 5.23 0.36 N 2 N 
0.22 N 2 N 
126 4.28 0.74 0.59 y 5 N 
127 4.21 0.59 0.49 y 5 N 
128 3.80 
129 5.11 0.12 0.10 y 9 N 
130 3.66 0.73 0.60 y 7 N 
131 3.49 0.38 0.32 y 5 N 
132 3.24 
133 3.84 
134 3.09 0.71 0.49 y 5 N. 
135 2.77 0.55 0.43 y 5 N 
136 3.21 0.41 0.13 y 4 N 
137 2.70 0.41 0.24 y 5 N 
138 2.50 0.51 0.42 y 5 N 
139 2.48 0.36 0.27 y 4 N 
140 2.71 0.56 0.45 y 4 N 
141 2.55 0.71 0.62 y 8 N 
142 2.80 0.44 0.35 y 5 N 
143 2.58 






TABLE 12. (cont. l 
Number L TH IV OED IBD Comp. Site Type 








I 156 3.25 
I 1 157 2.71 
158 4.16 
159 3.03 
160 2.93 i ,, 
161 2.81 II l\ 
162 4.24 

































TABLE 12. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 




























214 3.17 0.39 0.31 y 5 N 
215 3.32 0.79 0.53 y 8 N 
216 3.73 0.45 0.36 y 3 N 
217 3.09 0.60 0.52 y 5 N 
218 2.71 0.10 N 2 M 
0.11 0.11 y 6 M 
219 2.50 0.26 0.26 y 8 M 
220 4.19 0.74 0.55 y 5 N 

















Astarte triangulata, Red Bluff Fm., Mississippi (37-31) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
1 5.41 0.28 0.016 
2 6.75 0.47 0.030 
i 3 6.06 0.33 0.020 
I ' 4 6.16 0.29 0.018 0.99 0.61 y 5 N 
I 5 5.62 0.31 0.013 0.50 0.30 
y 8 N 
6 4.85 0.26 0.010 
7 4.65 0.29 0.008 
8 4.39 0.35 0.006 
I' 9 4.17 0.30 0.005 
10 3.61 0.27 0.004 
11 3.47 0.20 0.004 
12 3.35 0.23 0.003 
13 3.26 0.22 0.003 
14 3.25 0.24 0.003 
15 2.98 0.22 0.002 
16 2.94 0.19 0.002 
I 17 2.70 0.21 0.002 
I 18 2.84 0.19 0.002 
19 2.74 0.20 0.002 
20 2.67 0.20 0.002 
21 2.65 0.19 0.002 
22 2.39 0.18 0.001 
23 2.37 0.16 0.001 
24 2.24 0.15 0.001 
25 2.46 0.21 0.001 
26 2.25 0.16 0.001 
27 1. 80 0.14 0.001 
28 2.13 0.13 0.001 
29 2.48 0.16 0.002 0.57 0.39 y 5 N 
30 1. 92 0.14 0.001 0.50 0.31 y 5 N 
I 
31 1.97 
32 2.07 , I 33 4.41 
34 4.96 
35 9.17 0.51 0.053 
36 8.74 0.53 0.040 
37 8.99 0.63 0.049 
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TABLE 13. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) ( cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
38 8.24 0.49 0.037 
39 8.18 0.47 0.050 
40 8.14 0.43 0.039 
41 9.35 0.61 0.060 
42 7.88 0.48 0.026 
43 8.01 0.48 0.034 
44 7.87 0.47 0.040 
I 1 45 6.38 0.30 0.015 
46 8.27 0.49 0.043 
47 7.60 0.55 0.035 
48 6.64 0.47 0.028 
49 6.37 0.31 0.017 
50 5.89 0.31 0.011 
51 6.12 0.2B 0.016 
52 6.36 0.29 0.017 
53 7.98 0.49 0.038 
54 g·.18 0.51 0.050 
55 8.84 0.47 0.050 
56 7.73 0.47 0.030 
57 7.69 0.48 0.034 
58 7.67 0.40 0.022 
59 8.76 0.56 0.040 
60 8.62 0.53 0.040 
61 8.40 0 .45 0.031 
62 7.89 0.32 0.033 
63 9.20 0.45 0.049 
64 6.97 0.46 0.019 
65 5.46 0.33 0.009 
66 5.65 0.22 0.009 
67 5.53 0.35 0.008 
68 5.80 0.40 0.011 
69 5.46 0.40· 0.009 
70 5.97 0.29 0.010 
71 5.89 0.34 0.010 
72 6.36 0.37 0.014 
73 8 .. 82 0.53 0.047 
74 8.13 0.48 0.031 
75 7.44 0.56 0.027 
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TABLE 13. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
76 7.82 a.so 0.039 
77 8.80 a.so 0.051 
78 7.88 0.42 0.035 
I 
79 7.27 0.61 0.020 
80 6.82 0.37 0.021 
: I 81 7.65 0.49 0.029 
I 82 7.29 0.63 0.022 
83 7.06 0.48 0.029 
84 7.37 0.57 0.031 
85 7.35 0.41 0.027 
86 7.30 0.39 0.026 
87 7.65 0.46 0.028 
88 6.58 0.35 0.021 
89 7.20 0.34 0.020 
90 6.87 0.35 0.017 
91 6.51 0.35 0.019 
I 
92 4.00 0.26 0.004 
93 4.15 0.24 0.006 
94 6.92 0.43 0.022 
95 5.87 0.32 0.011 
96 6.34 0.34 0.017 
97 5.60 0.29 0.011 
98 5.02 0.33 0.008 
99 5.71 0.24 0.011 0.10 0.10 y 8 M 
100 6.33 0.35 0.016 
101 5.01 0.27 0.008 
102 5.08 0.24 0.008 
103 5.00 0.27 0.007 
104 4.73 0.28 0.007 
105 4.58 0.24 0.008 
106 4.45 0.26 0.007 
107 3.98 0.27 0.005 
108 4.64 0.27 0.007 
109 5.34 0.33 0.010 
110 4.86 0.30 0.008 
111 4.61 0.22 0.007 
112 4.41 0.27 0.006 
113 5.14 0.27 0.008 
,.. __ ..... _________________ ... ________ ';t 
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TABLE 13. (cont.) 
Number L TH IV OBD IBD comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
114 4.73 0.24 0.007 
115 4.18 0.22 0.006 
116 4.47 0.25 0.007 
117 4.61 0.33 0.007 
118 4.09 0.26 0.005 
119 3.99 0.25 0.005 
120 3.90 0.23 0.004 
121 4.47 0.26 0.007 
122 3.87 0.24 0.004 
123 3.59 0.22 0.003 
124 3.90 0.24 0.004 
' 
125 3.72 0.22 0.006 
I 
126 3.50 0.24 0.004 
127 3.60 0.26 0.005 
128 3.58 0.26 0.004 
129 3.52 0.25 0.004 
130 3·_59 0.20 0.005 0.13 N M 
131 3.67 0.24 0.005 
132 3.26 0.21 0.004 
i I 133 3.78 0.25 0.006 0.14 0.09 y 2 N 
i i 134 3.48 0.24 0.005 
135 3.53 0.23 0.004 
136 3.65 0.26 0.006 
137 3.37 0.25 0.004 
11 
138 3.32 0.23 0.004 
139 3.45 0.25 0.005 
140 4.01 0.26 0.007 
141 3.37 0.23 0.004 
142 3.10 0.14 0.003 
143 3.38 0.20 0.004 
144 3.40 0.20 0.004 
145 3.17 0.21 0.003 
146 3.13 0.20 0.003 
147 3.02 0.22 0.003 
148 3.31 0.21 0.004 
149 3.03 0.20 0.003 
150 2.90 0.20 0.002 




TABLE 13. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1- 9) (N/M) 
I ' 
152 3.30 0.24 0.004 
153 2.99 0.20 0.003 
154 3.00 0.19 0.003 
155 2.93 0.16 0.003 
156 2.90 0.19 0.003 
157 2.87 0.19 0.002 
158 2.86 0.18 0.002 
159 2.73 0.19 0.002 
160 2.72 0.20 0.002 
161 2.67 0.16 0.002 
162 2.55 0.21 0.002 
163 2.52 0.15 0.002 
i 164 2.70 0.16 0.002 
I 
1 · 
165 2.45 0.12 0.001 
166 2.86 0.17 0.002 
167 2.79 0.18 0.002 
168 2.75 0.20 0.002 
169 3.10 0.20 0.003 
170 2.71 0.19 0.002 
171 2.55 
172 2.62 0.13 0.001 
173 2.43 0.18 0.001 
174 2.76 0.17 0.002 
175 2.64 0.18 0.001 
176 2.67 0.22 0.001 
177 2.35 0.16 0.002 
178 2.71 0.19 0.002 
179 2.49 0.19 0.001 











TABLE 13. (cont. l 
Number L TH IV OBD IBD Comp. Site Type 




193 1. 95 
194 2.22 
195 1. 73 
196 1.61 
197 1. 72 
198 1.96 
199 1.52 
200 1. 71 
201 1. 76 
202 1.92 
203 1.94 
204 1. 76 
205 1. 78 
206 1. 79 





212 8.54 0.24 N 4 M 
0.47 N 4 M 
0.43 N 5 M 
213 8.31 0.89 0.42 y 8 N 
214 6.68 0.87 0.52 y 6 N 
215 7.89 0.37 N 3 M 
216 7.79 1.41 0.99 y 8 N 
217 8.40 0.51 N 2 M 
218 8.24 1.21 1. 08 y 8 N 
219 5.32 0.34 N 7 M 
0.58 0.33 y 8 N 
220 4.25 0.40 0.21 y 7 N 
221 4.15 0.26 N 2 M 
222 3.35 0.31 N 2 M 
223 3.98 0.47 N 4 M 

























L TH IV 

















OBD IBO Comp. Site Type 
(mm) (mm) (Y/N) (1-9) (N/M) 
0.69 0.50 y 5 N 
0 .46 0.22 y 9 N 
0.43 0.31 y 5 N 
0.24 N 7 M 
0.44 0.28 y 6 N 
0.47 0.27 y 2 N 
0.34 0.28 y 5 N 
0.27 0.11 y 5 N 
0.43 0.25 y 5 N 
0 .40 0.40 y 7 M 
0.37 0.26 y 5 N 
0.39 0.28 y 5 N 
0.18 0.12 y 5 N 
0.64 0.42 y 6 N 
0.43 N 6 M 
0.89 0.56 y 8 N 
0.82 0.63 y 8 N 





DATA: CORBULA RUFARIPA (37-31 CM) 
150 
i 
- - --- ----------------
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TABLE 14. 
Corbula rufaripa, Red Bluff Fm., Mississippi (37-31) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
1 4.70 0.22 0.009 
2 4.84 0.28 0.010 
3 5.04 0.33 0.012 
4 4.59 0.26 0.010 
5 4.52 0.28 0.010 
6 4.32 0.35 0.009 
7 5.28 0.40 0.018 
8 5.01 0.40 0.019 
9 5.34 0.32 0.020 
10 5.36 0.36 0.024 
' 
11 5.30 0.32 0.020 
I 
12 5.22 0.32 0.017 
I I 
' 
13 5.58 0.49 0.026 
I 
I 
14 4.71 0.32 0.010 
15 4.30 0.25 0.009 
16 5.13 0.26 0.010 
17 5.67 0. 39 0.021 
18 4.97 0.33 0.008 
I 
19 4.49 0.29 0.007 
20 4.59 0.37 0.009 
, I 
21 4.87 0.29 0.010 
22 4.71 0.35 0.011 
23 4.37 0.41 0.006 
24 4.90 0.23 0.011 
25 3.88 0.14 0.005 
26 4.89 0.20 0.010 
27 4.52 0.31 0.011 
28 3.89 0.29 0.005 
29 4.71 0.21 0.007 
30 4.13 0.38 0.008 
31 4.13 0.27 0.006 
32 4.27 0.36 0.008 
33 4.75 0.36 0.009 
34 4.64 0.34 0.010 
35 4.34 0.38 0.008 
36 3.99 0.18 0.005 
37 3.98 0.25 0.005 
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TABLE 14. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1- 9) (N/M) 
38 4.92 0.33 0.012 
39 3.89 0.28 0.006 
40 4.40 0.31 0.007 
41 4.83 0.32 0.007 
42 4.85 0.32 0.010 
43 4.53 0.26 0.007 
44 4.09 0.24 0.005 
45 3.90 0.35 0.005 
46 3.40 0.16 0.004 
47 3.97 0.20 0.005 
48 3.96 0.39 0.008 
49 3.79 0.19 0.006 
so 3.82 0.21 0.005 
51 3.92 0.13 0.005 
52 3.96 0.26 0.008 
53 4.06 0.10 0.007 
54 3.75 0.29 0.005 
55 3.72 0.21 0.005 
56 4.22 0.38 0.009 
57 4.00 0.19 0.006 
58 4.03 0.16 0.007 
59 3.86 0.18 0.005 
60 3.99 0.18 0.006 
61 3.72 0.31 0.006 
62 3.60 0.36 0.006 
63 3.78 0.18 0.006 
64 4.06 0.21 0.007 
65 3.81 0.33 0.006 
66 3.31 0.23 0.003 
67 3.46 0.26 0.004 
68 3.98 0.26 0.005 
69 3.53 0.18 0.004 
70 3.55 0.18 0.004 
71 3.48 0.17 0.004 
72 3.23 0.15 0.003 
73 4.07 0.25 0.006 
74 3.73 0.29 0.005 
75 3.53 0.19 0.004 
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TABLE 14. (cont.} 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm} (mm) (Y/N) (1-9) (N/M) 
76 4.17 0.16 0.005 
77 3.85 0.21 0.005 
78 4.20 0.36 0.007 
79 3.85 0.30 0.007 
80 4.20 0.27 0.008 
81 3.55 0.28 0.004 
82 3.76 0.17 0.005 
83 3.79 0.21 0.005 
84 3.49 0.14 0.004 
85 3.44 0.19 0.004 
86 3.43 0.18 0.004 
87 4.30 0.22 0.009 
88 3.39 0.16 0.006 
89 3.95 0.22 0.007 
90 3.63 0.17 0.004 
91 3.55 0.30 0.005 
92 3.78 0.23 0.005 
93 3.49 0.16 0.003 
94 3.14 0.34 0.003 
95 3.33 0.22 0.004 
96 3.41 0.19 0.004 
97 3.44 0.16 0.004 
98 3.14 0.16 0.003 
99 3.00 0.12 0.003 
100 3.43 0.18 0.004 
101 3.29 0.15 0.003 
102 3.37 0.12 0.003 
103 3.16 0.18 0.003 
104 3.21 0.13 0.003 
105 3.22 0.15 0.003 
106 3.06 0.17 0.003 
107 2.87 0.14 0.002 
108 2.78 0.16 0.002 
109 2.85 0.17 0.002 
110 3.07 0.23 0.003 
111 3.19 0.21 0.003 
112 3.13 0.21 0.003 




TABLE 14. (cont.) 
i 
Number L TH IV OED IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (l-9) (N/M) 
114 2.70 0.19 0.002 
115 2.53 0.18 0.002 
116 2.83 0.15 0.003 
117 3.19 0.16 0.003 
118 3.15 0.18 0.003 
119 2.61 0.24 0.002 
120 2.90 0.27 0.004 
121 2.72 0.19 0.003 
122 3.15 0.23 0.004 
123 2.53 0.16 0.002 
124 2.33 0.13 0.001 
125 2.59 0.11 0.002 
126 2.72 0.16 0.002 
127 3.28 0.26 0.005 
128 3.35 0.21 0.004 
129 4.27 0.10 0.007 
130 4.85 0.25 0.015 
131 3.85 0.19 0.006 
132 4.17 0.21 0.007 
' 133 4.57 0.32 0.011 
I 134 4.61 0.20 0.008 
: I 
135 4.04 0.25 0.008 
136 3.94 0.20 0.006 
I I 137 4.83 0.28 0.010 
138 4.59 0.28 0.008 
139 5.22 0.31 0.019 
140 3.81 0.35 0.007 
141 3.97 0.42 0.009 I, 
142 4.12 0.20 0.009 
I' 143 4.59 0.24 0.015 
I 
144 4.21 0.22 0.010 
I 
I 
145 4.20 0.33 0.010 
146 3. 73 0.16 0.005 
r 
147 4.02 0.25 0.009 
it 148 4.11 0.30 0.010 
' 149 3.95 0.24 0.008 
150 4.58 0.20 0.012 







TABLE 14. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1- 9) (N/M) 
152 4.90 0.39 0.017 
153 4.21 0.16 0.010 
154 3.64 0.23 0.006 
155 3.61 0.19 0.007 
156 3.82 0.21 0.008 
157 3.52 0.22 0.006 
158 3.49 0.16 0.006 
159 3.47 0.24 0.005 
160 3.60 0.20 0.005 
161 3.43 0.22 0.006 
162 3.42 0.25 0.005 
163 3.66 0.11 0.007 
164 3.68 0.26 0.007 
165 3.49 0.29 0.006 
166 3.53 0.18 0.007 
167 3.64 0.19 0.006 
168 3.53 0.20 0.006 
169 3.28 0.13 0.004 
170 3.63 0.17 0.006 
171 2.86 0.14 0.003 
172 3.06 0.15 0.003 
173 3.17 0.18 0.004 
174 2.98 0.15 0.003 
175 2.92 0.17 0.003 
176 2.84 0.18 0.003 
177 3.24 0.13 0.003 
178 3.26 0.21 0.004 
179 3.28 0.11 0.004 
180 3.12 0.14 0.003 
181 3.44 0.32 0.006 
182 2.73 0.17 0.002 
183 3.04 0.16 0.003 
184 3.66 0.19 0.005 
185 3.15 0.21 0.003 
186 2.97 0.12 0.002 
187 2.96 0.18 0.003 
188 3.08 0.12 0.002 






























































































TABLE 14. (cont. l 
TH IV OBD IBD Comp. Site Type 



















TABLE 14. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1-9) {N/M) 
I I 










237 2.96 0.11 N 5 M 
238 3.30 . 






























































































TABLE 14. (cont.) 
IV OED 














TABLE 14. (cont. l 
Number L TH IV OBD IBD Comp. Site Type 























326 0.38 N 2 M 
0.38 N 5 M 
0.51 N 5 N 
0.64 N 4 N 
0.49 N 8 N 
0.48 N 8 N 










_______________ .... _____________ ,,,; 
1 
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TABLE 14. (cont.) 
Number L TH IV OED IBD Comp. Site Type 




340 3.83 0.18 N 2 M 
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TABLE 14. (cont.) 
Number L TH IV OED IBD Comp. Site Type 









382 3.47 0.27 N 2 N 

































TABLE 14. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
411 2.74 
412 3.56 












425 2.96 0.41 0.26 y 8 N 
426 3.80 
427 2°. 79 












440 2.92 0.37 N 1 N 







447 3.34 0.32 N 8 M 
_______________________________ ...... __________ '!:; 
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TABLE 14. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 





I 450 3.65 
' 
I 451 3.66 
I 
























































































































TABLE 14 . ( cont . ) 
IV OBD 



















TABLE 14. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) {Y/N) (1-9) (N/M) 
524 2.90 













I I 538 3.92 
























TABLE 14. (cont.) 
Number L TH IV OBD IBO Comp. Site Type 
(mm) (mm) ( cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 


















I : 580 3.20 
I 
I 
581 1. 94 
582 2.95 









590 2.17 0.23 0.17 y 8 N 
591 2.78 
592 3.03 

















TABLE 14. (cont.) 
Number L 
(mm) 
600 1. 95 
601 2.54 
602 2.52 
603 1. 97 


































































637 4.08 0.66 
IV OBD 


























































... ___ ..... __________________________ ,:,,: 
- - - - ------------,---
168 
TABLE 14. (cont.) 
Number L TH IV OED IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1- 9) (N/M) 
638 4.51 0.32 N 2 N 
639 3.57 0.62 0.39 y 5 N 
640 3.69 0.61 0.38 y 9 N 
641 4.29 0.82 0.45 y 8 N 
642 3.70 0.78 0.52 y 5 N 
643 4.12 0.36 N 5 N 
0.70 0.31 y 9 N 
644 4.05 0.69 0.41 y 6 N 
645 4.07 0.56 N 5 N 
1. 03 0.63 y 5 N 
646 3.91 0.81 N 7 N 
647 3.83 1. 05 0.57 y 1 N 
648 3.82 0.59 N 1 M 
649 3.61 0.33 N 5 N 
650 3.72 0.67 0.30 y 4 N 
651 3.49 0.55 0.26 y 7 N 
652 3.73 0.73 0.43 y 6 N 
653 3.47 0.75 0 .45 y 4 N 
654 3.48 0.54 N 5 M 
655 3.65 0.29 N 6 M 
656 3.60 0.63 0.36 y 9 N 
657 3.70 0.60 N 5 N 
658 3.94 0.95 0.54 y 9 N 
659 3.99 0.64 N 3 N 
660 2.99 0.64 0.32 y 5 N 
661 3.78 0.75 0.75 y 6 M 
662 3.60 0.42 0.28 N 4 N 
0.41 0.27 y 6 N 
663 3.56 0.37 N 1 M 
664 3.37 0.37 0.28 y 6 N 
665 2.99 0.74 0.46 y 8 N 
666 3.11 0.36 0.23 y 7 N 
667 3.30 0.62 0.62 y 9 M 
668 3.38 0.61 0.55 y 9 N 
669 3.32 0.70 0.70 y 6 M 
670 3.41 0.63 0.37 y 2 N 
671 2.87 0.29 0.18 y 8 N 
672 3.51 0.57 0. 31 y 8 N 
~:lllll!l!!!lllllllillialllil ........................... 111!11 ................................................................................ a:1 ..• 
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TABLE 14. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm} (mm} (cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
673 2.86 0.51 0.41 y 8 N 
674 2.88 0.55 0.42 y 8 N 
675 3.25 0.61 0.41 y 8 N 
676 2.95 0.93 0.54 y 5 N 
677 3.12 0.55 0.43 y 1 N 
I I 
678 3.19 0.90 0.49 y 4 N 
I 
0.18 N 5 M 
679 2.65 0.33 0.33 y 4 M 
680 3.55 0.83 0.64 y 8 N 
681 3.09 0.55 N 5 N 
682 2.79 0.49 0.29 y 7 N 
683 2.78 0.28 N 5 M 
684 3.08 0.58 0.45 y 5 N 
685 2.90 0.61 0.31 y 5 N 
686 2.63 0.58 0.39 y 8 N 
687 2.52 0.34 0.26 y 6 N 
688 2.54 0.42 0.26 y 5 N 
689 2.47 0.67 0.34 y 5 N 
690 2.52 0.39 0.27 y 5 N 
691 2.52 0.59 0.40 y 2 N 
692 3.00 0.60 0.35 y 8 N 
693 2.52 0.39 0.23 y 6 N 
694 2.28 0.43 0.43 y 7 M 
695 2.38 0.51 0.26 y 4 N 
696 2.24 0.49 0.47 y 6 N 
697 2.63 0.69 0.52 y 4 N 
698 3.77 0.90 0.54 y 8 N 
699 3.92 0.75 N 5 N 
700 3.61 0.81 0.81 y 7 M 
701 3. 99 · 0.70 N 3 N 
702 3.74 0.58 0.42 y 8 N 












Scapharca invidiosa, Red Bluff Fm., Mississippi (37-31) 
Number L TH IV OBD IBD Comp. Site Type 
(mm} (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
1 7. 35 0.30 0.017 
2 7.15 0.26 0.018 
3 6.64 0.33 0.010 
4 6.67 0.21 0.013 
I 5 7.50 0.26 0.018 I I 
! I 
6 6.19 0.32 0.012 
7 4.56 0.22 0.004 
I • 8 5.66 0.29 0.007 
9 5.21 0.26 0.005 
10 5.65 0.19 0.005 
11 4.27 0.17 0.004 
12 4.64 0.18 0.006 
13 4.60 0.20 0.005 
14 4.51 0.26 0.004 
15 4.17 0.19 0.004 
16 3.96 0.26 0.004 
17 4.57 0.20 0.004 
18 3.85 0.23 0.003 
19 4.34 0.21 0.004 
20 3.95 0.20 0.003 
21 3.84 0.13 0.003 
22 4.23 0.17 0.003 
23 4.12 0.24 0.003 
I I 24 4.25 0.23 0.003 
I 
25 4.14 0.24 0.004 
I 
26 3.78 0.20 0.004 
27 3.65 0.20 0.003 
28 3.95 0.18 0.003 
29 3.71 0.16 0.003 
30 3.40 0.19 0.002 
31 3.44 0.19 0.002 
32 3.62 0.17 0.002 
33 3.42 0.19 0.002 
34 3.65 0.18 0.002 
35 3.42 0.22 0.002 
36 3.29 0.23 0.002 
37 3.72 0.23 0.003 
_____ 1111111! ___________ 11!'!':!1 ________ ...... _______ .... _,1-'c 
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TABLE 15. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
{mm) {mm) ( cm3 ) (mm) (mm) (Y/N) ( 1-9} (N/M) 
38 3.28 0.20 0.002 
39 3.22 0.18 0.001 
40 3.35 0.16 0.002 
41 3.05 0.17 0.001 
42 3.27 0.16 0.001 
43 2.95 0.14 0.001 
I i 
44 3.31 0.19 0.002 I 
45 3.21 0.11 0.001 
46 3.71 0.16 0.003 
47 3.48 0.15 0.003 
48 3.53 0.23 0.003 
49 3.74 0.17 0.002 
50 3.61 0.20 0.003 
51 3.07 0.19 0.002 
52 2.92 0.15 0.002 
53 3.02 0.13 .0.001 
54 3.39 0.13 0.001 
55 3.38 0.16 0.002 
56 3.05 0.16 0.001 
57 2.69 0.12 0.001 
58 2.74 0.16 0.001 
I 59 2.88 0.24 0.002 
60 3.01 0.14 0.002 
61 3.24 0.17 0.001 
62 3.44 0.12 0.001 
63 2.66 0.12 0.001 
64 3.03 0.18 0.001 
65 2.84 0.17 0.001 
66 2.84 0.15 0.001 
67 2.66 0.10 0.001 
68 2.97 0.20 0.001 
69 2.57 0 .21 0.001 
70 2.68 0.13 0.001 
71 3.05 0.18 0.001 
72 2.77 0.15 0.001 
73 2.73 0.16 0.001 
74 2.72 0.13 0.001 
75 2.71 0.15 0.001 
- ------------------. 
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TABLE 15. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/NJ (1-9) (N/M) 
76 2.80 0.12 0.001 
77 2.85 0.10 0.001 
78 2.93 0.11 0.001 
79 2.72 0.15 0.001 
80 2.54 0.22 0.001 
81 2.63 0.15 0.001 



















101 8.70 0.40 0.40 y 4 M 
102 7.06 0.77 0.53 y 4 N 
0.43 0.11 y 9 N 
103 4.07 0.71 0.52 y 4 N 
0.61 N 5 N 
104 3.49 0.87 0.64 y 5 N 
105 3.65 0.19 0.19 y 4 M 
106 3.07 0.41 0.27 y 5 N 
107 3.43 0.60 0.41 y 5 N 
108 3.15 0.14 0.14 y 6 M 
0.52 0.43 y 8 N 
109 2.70 0.46 0.37 y 8 N 
110 2.80 0.39 0.28 y 5 N 
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TABLE 15. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) {cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
111 2.78 0.41 0.32 y 8 N 
112 2.61 0.44 0.30 y 4 N 
113 2.71 0.25 0.25 y 8 M 
114 2.58 0.56 0.42 y 8 N 
I I 115 2.69 0.50 0.35 y 8 N 
116 2.79 0.54 0.44 y 8 N 
117 4.49 0.61 0 .49 y 4 N 
0.87 0.59 y 6 N 
118 5.23 0.19 0.010 0.26 0.15 y 8 N 
0.14 0.12 y 9 N 
119 6.43 0.33 0.013 
120 4.72 0.19 0.005 
121 4.31 0.21 0.005 
122 3.95 0.18 0.003 
123 3.51 0.16 0.003 
124 3.65 0.20 0.003 
125 3.46 0.17 0.002 
126 3.37 0.19 0.002 
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':'ABLE 15. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
147 5.34 
I 148 l.97 
I 
149 1. 93 
I 
150 2.43 0.46 0.31 y 5 N 
151 5.22 1. 31 0.86 y 6 N 
I 152 3.60 0.53 0.35 y 5 N 
, I 
153 2.57 0.44 0.38 y 7 N 
154 1.94 0.26 0.20 y 7 N 
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9 6.55 0.35 0.020 

































































































































TABLE 16. (cont.) 
Number L TH IV OED IBD Comp. Site Type 
(mm) (mm) ( cm3 ) (mm) (mm) (Y/N) (1- 9) (N/M) 
38 6.14 0.29 0.013 
39 5.50 0.35 0.010 
40 5.53 0.22 0.010 
I 
41 5.22 0.27 0.010 
i j 42 4.66 0.26 0.006 
I 43 4.78 0.22 0.005 
i 44 5.41 0.33 0.010 
45 4.79 0.29 0.008 
46 5.13 0.25 0.009 
47 4.33 0.27 0.005 
48 4.68 0.33 0.006 
49 4.08 0.26 0.004 
50 4.14 0.27 0.004 
51 3.78 0.24 0.004 
52 4.12 0.22 0.005 
53 4.79 0.27 0 .,009 
ii 54 4.54 0.28 0.007 
I 55 3.23 0.18 0.003 
56 3.61 0.23 0.004 
I 57 3.16 0.24 0.003 
58 2.76 0.18 0.002 
59 3.13 0.22 0.003 
60 3.24 0.18 0.003 
61 2.83 0.19 0.002 
I; 62 2.83 0.19 0.002 
63 2.70 0.19 0.002 
64 2.80 0.20 0.002 
65 3.06 0.25 0.003 
66 2.87 0.16 0.002 
67 3.11 0.19 0.003 
68 2.88 0.16 0.002 
69 2.50 o .15· 0.001 
70 3.09 0.24 0.002 
71 2.41 0.17 0.001 
72 2.61 0.17 0.002 
73 2.39 0.16 0.001 
74 2.34 0.15 0.001 
75 2.36 0.15 0.001 
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TABLE 16. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
76 2. 31 0.19 0.001 
77 2.27 0.17 0.001 
I I 
78 2.36 0.16 0.001 
79 2.20 0.14 0.001 
I 80 2.11 0.14 0.001 
I 
81 2.21 0.15 0.001 
82 2.04 0.13 0.001 
I I 83 1.75 
84 1. 92 
I 85 1. 75 
I 
86 1. 75 
87 1. 69 
88 6.83 0.48 0.020 0.81 0.51 y 5 N 
89 5.24 0.27 0.010 0.67 0.56 y 5 N 
90 4.90 0.28 0.009 0.77 0.47 ,Y 5 N 
91 4.45 0.22 0.005 0.41 N 4 M 
92 4.71 0.26 0.007 0.77 0.64 y 9 N 
93 4.18 0.22 0.005 0.66 0.47 y 5 N 
94 3.46 0.24 0.004 0.36 0.18 y 8 N 
95 2.96 0.20 0.003 0.27 0.27 y 5 M 
96 2.75 0.18 0.002 0.33 0.29 y 5 N 
97 2.79 0.17 0.002 0.55 0.42 y 8 N 
98 2.93 0.19 0.002 0.36 0.16 y 6 N 
99 2.72 0.16 0.002 0.63 0.34 y 5 N 
100 2.29 0.18 0.001 0.24 N 5 N 
101 2.33 0.16 0.001 0.50 0.37 y 8 N 
102 2.07 0.17 N 2 N 
0.25 0.13 y 5 N 
103 2.15 0.43 0.38 y 8 N 
104 1. 90 0.38 0.34 y 5 N 
105 1. 97 0.14 N 8 M 
106 1.89 0.29 0.23 y 5 N 
0.17 N 2 N 










Corbula rufari;ga, Red Bluff Fm., Mississippi (37-61) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
1 3.94 0.32 0.010 
2 4.15 0.19 0.007 
3 3.66 0.27 0.005 
4 4.69 0.34 0.011 
5 4.32 0.33 0.011 
6 5.24 0.40 0.014 
7 4.44 0.24 0.012 
8 5.39 0.40 0.018 
9 4.24 0.33 0.009 
10 3.65 0.25 0.006 
11 4.33 0.29 0.009 
12 4. 38 0.22 0.009 
13 5.02 0.32 0.011 0.48 N 1 N 
0.61 0.33 y 8 N 
14 3.65 0.16 0.005 
15 4.42 0.32 0.007 
16 4.56 0.29 0.008 
17 4.31 0.32 0.010 
18 4.27 0.30 0.009 
19 3.70 0.23 0.005 
20 4.19 0.32 0.007 
21 4.03 0.24 0.005 
22 3.91 0.19 0.007 
23 4.52 0.25 0.010 
24 3.75 0.23 0.006 
25 3.87 0.19 0.005 
26 3.82 0.24 0.005 
27 3.65 0.26 0.006 
28 3.87 0.27 0.007 
29 3.94 0.25 0.008 
30 4.27 0.33 0.009 
: i 31 4.28 0.26 0.008 
I 
32 4.03 0.23 0.008 
33 4.67 0.22 0.010 
34 3.91 0.15 0.005 
35 3.99 0.21 0.007 
36 3.89 0.23 0.006 
: ___ ..._ __ _.... _________ ..... ______ "" 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
37 3.58 0.20 0.004 
38 3.85 0.23 0.005 0.68 N 3 N 
39 3.45 0.19 0.005 
i i 40 3.70 0.21 0.005 
41 3.68 0.26 0.006 
42 4.15 0.21 0.005 
43 3.63 0.15 0.005 
44 3.68 0.27 0.006 
45 3.68 0.23 0.005 
46 3.91 0.24 0.006 
47 3.91 0.19 0.006 
48 4.26 0.18 0.008 
49 4.43 0.36 0.010 
50 4.15 0.30 0.008 
51 3.88 0.29 0.005 
52 3.72 0.24 0,004 
53 :3. 90 0.22 0.007 
54 4.06 0.18 0.009 
55 3.62 0.32 0.007 
56 4.11 0.40 0.008 
57 3.59 0.28 0.005 
58 3.65 0.23 0.006 
59 4.17 0.25 0.007 
60 3.60 0.24 0.005 
61 3.46 0.18 0.004 
62 3.84 0.16 0.008 
i ,1 63 3. 73 0.10 0.004 
64 3.88 0.19 0.005 
65 3.30 0.25 0.003 
66 3.70 0.17 0.005 
67 3.50 0.17 0.004 
68 3.39 0.31 0.004 
69 3.31 0.19 0.003 
70 3.35 0.23 0.004 
71 3.36 0.19 0. 004 
72 3.71 0.19 0.006 
73 3.63 0.20 0.005 
74 3.37 0.18 0.004 
• 
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TABLE 17. (cont.) 
Number L TH IV OED IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
75 3.87 0.20 0.008 
76 3.57 0.26 0.005 
77 3.37 0.18 0.004 
78 3.88 0.17 0.007 
79 3.87 0.30 0.007 
80 3.46 0.23 0.005 
81 3.21 0.23 0.003 
82 3.15 0.16 0.003 
83 3.48 0.22 0.004 
84 3.25 0.21 0.004 
85 3.97 0.17 0.006 
86 3.89 0.25 0.008 
87 3.59 0.20 0.006 
88 3.80 0.21 0.007 
89 4.00 0.16 0.012 
90 3.22 0.18 0.004 
91 3.15 0.13 0.003 0.43 N 6 N 
92 3.16 0.16 0.004 
93 3.21 0.20 0.004 
94 3.08 0.21 0.004 
95 3.70 0.14 0.006 
96 3.05 0.17 0.003 
97 3.12 0.22 0.004 
98 3.21 0.15 0.004 
99 4.30 0.23 0.010 
100 3.28 0.23 0.005 
101 3.13 0.18 0.004 
102 3.41 0.17 0.005 
103 3.45 0.19 0.006 
104 3.52 0.10 0.005 1. 03 0.42 y 1 N 
105 4.03 0.21 0.008 
106 3.62 0.22 0.006 
107 3.21 0.19 0.004 
108 3.22 0.06 0.005 
I 
109 3.20 0.23 0.005 
i 110 2.89 0.12 0.003 
111 4.18 0.38 0.009 
112 3.78 0.25 0.007 
J1111111111111 .................................................................................................................................. u,;· 
184 
TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1- 9) (N/M) 
113 3.18 0.19 0.005 
114 3.36 0.12 0.005 
115 3.63 0.23 0.006 
116 3.24 0.14 0.004 
117 4.19 0.22 0.007 
! 118 4.17 0.35 0.007 i 
I I 119 4.66 0.20 0.013 
120 2.38 0.10 0.002 
121 2.98 0.18 0.004 
122 2.89 0.17 0.003 
123 3.33 0.23 0.005 
124 3.11 0.16 0.003 
125 3.58 0.14 0.005 
126 3.23 0.15 0.004 
127 2.81 0.14 0.003 
128 2.99 0.20 0.004 
129 3.14 0.18 0.004 
130 2.92 0.08 0.004 
131 3.23 0.12 0.006 
132 3.33 0.20 0.007 
133 3.10 0.17 0.004 
I I 
134 3.75 0.12 0.008 
135 2.80 0.18 0.003 
136 3.20 0.12 0.004 
137 2.76 0.26 0.004 
138 2.87 0.17 0.004 
139 3.08 0.17 0.004 
140 2.89 0.13 0.003 
141 2.92 0.15 0.003 
142 2.91 0.10 0.003 
143 2.74 0.20 0.003 
I j 144 2.90 0.13 0.004 
' 145 3.41 0.11 0.005 
146 2.87 0.06 0.003 
147 3.03 0.17 0.003 
148 2.89 0.12 0.003 
149 2.56 0.13 0.002 
150 2.76 0.12 0.002 
185 
TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
151 3.22 0.13 0.003 
152 3.06 0.15 0.003 
153 2.72 0.14 0.002 
154 2.73 0.13 0.002 
155 2.53 0.13 0.002 
156 3.07 0.19 0.004 
i 157 2.92 0.13 0.003 I 158 3.31 0.27 0.005 r 
159 2.90 0.16 0.003 
160 2.81 0.14 0.002 
161 2.65 0.16 0.002 
162 3.25 0.15 0.005 
163 3.11 0.14 0.003 
164 2.47 0.09 0.002 
165 2.38 0.10 0.001 
166 2.96 0.15 0.003 
167 2.58 0.15 0.002 
168 3.20 0.18 0.004 
169 2.40 0.14 0.002 
I 170 2.99 0.18 0.003 
I I 171 2.82 0.20 0.003 
I 
172 2.53 0.10 0.002 
I 173 2.94 0.18 0.003 
174 2.92 0.19 0.003 
175 2.30 0.11 0.001 
176 2.73 0.15 0.002 
177 2.38 0.12 0.002 
178 3.12 0.14 0.003 
179 3.75 0.14 0.006 
180 2.97 0.15 0.003 
181 2.65 0.12 0.002 
182 2.63 0.06 0.002 
183 2.81 0.16 0.002 
184 3.37 0.09 0.005 
185 2.89 0.18 0.003 
186 2.78 0.10 0.003 
187 2.33 0.11 0.002 
188 2.39 0.17 0.001 
·---------------------------------------'· 
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TABLE 17. {cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) {mm) (Y/N) { 1- 9) {N/M) 
189 2.57 0.10 0.002 
190 2.77 0.14 0.003 
191 2.70 0.14 0.002 
192 2.90 0.14 0.002 
193 3.28 0.12 0.003 
194 2.41 0.15 0.001 
195 2.79 0.12 0.002 
196 2.18 0.11 0.001 
197 2.30 0.09 0.001 
198 2.90 0.14 0.002 
199 3.57 0.25 0.006 
200 2.20 0.14 0.001 
201 2.96 0.18 0.003 
202 2.32 0.13 0.001 
203 3.13 0.15 0.003 
204 2.13 0.10 0.002 
205 3.36 0.21 0.007 
206 4.28 0.22 0.009 
207 4.19 0.31 0.010 
208 3.72 0.18 0.007 
209 3.32 0.14 0.005 
210 4.10 0.18 0.009 
i 
211 3.97 0.21 0.008 
I , 
212 3.28 0.17 0.005 
213 3.42 0.12 0.007 
214 3.49 0.19 0.006 
215 3.92 0.17 0.008 
216 4.21 0.25 0.010 
217 3.96 0.20 0.009 
i ; 218 3.46 0.15· 0.006 
219 3.36 0.18 0.005 
220 3.64 0.21 0.006 
221 3.27 0.14 0.004 
222 3.07 0.11 0.003 
223 2.89 0.16 0.003 
224 2.92 0.08 0.003 
225 2.93 0.11 0.002 
226 2.87 0.14 0.002 
-----------------... 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
227 2.84 0.10 0.002 
228 2.97 0.12 0.003 
229 3.11 0.16 0.003 
230 2.86 0.10 0.002 





































TABLE ;. 7. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 








































TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 





































339 3.28 0.58 N 5 N 
340 3.57 
. ________________ ..._ ______ '"' .~ 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 








































TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
































I 410 3.24 






416 3.54 0.42 N 3 N 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 








































TABLE 17. (cont.) 
Number L TH IV OED IBD Comp. Site Type 










































TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 








































TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 

































563 2.40 0.33 0.18 y 9 N 
564 2.46 
565 2.34 
566 2.98 0.09 N 4 N 
567 2.28 
568 2.87 0.34 N 5 N 
~--_ .... _________________ __. _________ ·,,; 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 








































TABLE 17. (cont. ) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) {mm) (cm3 ) {mm) {mm) (Y/N) (1- 9) (N/M) 
607 3.64 
I ', 608 4.04 






































TABLE 17. (cont.) 
Number L TH IV OED IBD Comp. Site Type 











655 2.76 0.25 N 6 N 
656 2.99 




























TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
















I 697 2.59 
I 
698 2.63 

























TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 








































TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 





































795 2.79 0.21 0.15 y 5 N 
796 2.31 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
797 2.39 















I , 811 2.59 
812 2.02 





I ' 818 2.43 









I. 827 1.97 











TABLE 17. (cont.) 
Number L TH IV OED IBD Comp. Site Type 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) ( cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
873 3.18 
874 2.85 0.42 N 2 N 
0.39 N 2 N 
875 4.84 
876 4.40 1.14 0.98 y 5 N 
877 4.23 0.81 0.81 y 2 M 
878 3.71 0.74 0.47 y 5 N 
0.43 0.33 y 8 N 
879 3.79 0.74 0.72 y 5 N 
880 3.79 0.85 N 2 N 
881 4.00 0.78 0.42 y 6 N 
882 4.09 0.87 0.56 y 6 N 
883 3.37 0.91 0.54 y 8 N 
884 4.00 0.76 0.51 y 5 N 
0.67 0.47 y 6 N 
885 4.13 0.86 0.65 y 8 N 
886 4.25 0.56 0.41 y 6 N 
887 4.23 0.80 0.41 y 9 N 
888 3.85 0.63 0.43 y 5 N 
889 4.34 0.40 0.25 y 5 N 
890 3.53 1. 01 0.59 y 4 N 
891 4.38 0.70 N 2 N 
892 3.16 0.96 0.63 y 2 N 
893 3.86 0.82 0.69 y 9 N 
894 3.99 0.64 0.34 y 5 N 
895 3.89 0.59 0.41 y 5 N 
896 3.63 0.40 0.25 y 5 N 
897 3.94 0.70 0.38 y 7 N 
898 3.23 0.38 0.20 y 4 N 
899 4.30 0.34 N 3 N 
900 3.50 0.44 0.28 y 5 N 
901 3.65 0.90 a .45 y 5 N 
90.2 3.43 0.66 0.44 y 5 N 
903 3.74 0.35 N 2 N 
0.55 0.50 y 9 N 
904 3.57 1.02 0.65 y 5 N 
905 3.31 0.62 0.39 y 1 N 
906 3.76 0.69 0.43 y 9 N 
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TABLE 17. (cont.) 
Number L TH IV OED IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
907 3.78 0.52 0.33 y 5 N 
0.38 N 2 N 
908 3.80 0.77 0.60 y 8 N 
909 4.17 0.85 0.44 y 6 N 
910 3.45 0.56 0.34 y 6 N 
911 3.33 0.39 0.39 y 7 M 
912 3.14 0.93 0.66 y 4 N 
913 3.20 0.59 0.43 y 8 N 
914 3.17 0.66 0.44 y 6 N 
915 3.89 0.73 0.51 y 9 N 
916 3.39 0.36 0.27 y 5 N 
917 3.33 0.42 N 8 N 
918 3.74 0.32 N 7 N 
1. 04 0.61 y 2 N 
0.14 N 7 N 
919 3.08 0. SL 0.66 y 8 N 
920 3. 4·1 0.34 0.22 y 5 N 
921 3.15 0.75 0.41 y 6 N 
922 3.23 0.32 N 7 N 
0.31 0.14 y 7 N 
923 3.14 0.30 0.19 y 5 N 
0.28 N 7 N 
924 3.36 
925 3.11 0.74 N 5 N 
926 4.22 0.65 N 3 N 
927 3.91 0.28 N 5 N 
928 4.17 1.19 0.98 y 5 N 
929 3.08 0.61 0.27 y 5 N 
930 3.04 0.61 0.45 y 5 N 
931 3.08 0.56 0.37 y 5 N 
932 3.44 0.55 0.33 y 8 N 
933 3.08 0.51 0.48 y 5 N 
934 3.09 0.39 0.32 y 5 N 
935 3.04 0.54 0.42 y 5 N 
936 2.98 0.53 0.37 y 8 N 
937 2.94 0.53 0.37 y 9 N 
938 2.98 0.83 0.60 y 5 N 
939 3.30 0.89 0.72 y 5 N 
------------------... ------------------liliil------"' 
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TABLE 17. (cont. l 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
940 3.73 0.58 0.30 y 5 N 
941 3.24 0.75 0.54 y 8 N 
942 2.80 0.33 0.33 y 2 M 
943 3.74 0.50 0.39 y 8 N 
944 3.16 0.47 0.47 y 6 M 
945 3.50 
946 3.03 0.31 0.31 y 9 M 
947 3.07 0.69 0.45 y 5 N 
948 3.74 a.so 0.43 y 4 N 
949 2.89 0.68 0.35 y 7 N 
950 2.69 0.56 0.35 y 7 N 
951 3.29 0.65 0.65 y 4 M 
952 3.48 0.59 0.31 y 7 N 
953 3.22 0.99 0.84 y 8 N 
954 3.33 0.40 0.40 y 9 M 
955 3.74 0.57 N 1 N 
0.89 0.64 y 8 N 
956 3.26 0.53 0.41 y 4 N 
957 3.03 0.60 0.44 y 2 N 
958 2.74 0.71 0.60 y 8 N 
959 2.95 0.84 0.66 y 5 N 
960 2.81 0.44 0.23 y 4 N 
961 2.90 0.75 0.50 y 6 N 
962 2.53 0.47 0.47 y 8 M 
963 3.26 0.88 0.88 y 2 M 
964 3.29 0.76 0.46 y 8 N 
965 2.67 0.72 0.72 y 5 M 
966 2.82 0.76 0.38 y 5 N 
967 3.08 0.71 0.71 y 4 M 
968 3.08 1. 08 0.64 y 1 N 
969 3.06 0.30 N 2 N 
0.71 N 3 N 
1.21 0.54 y 6 N 
970 2.97 0.44 0.38 y 5 N 
971 3.07 
972 2.44 0.54 0.30 y 5 N 
973 2.46 0.31 0.25 y 5 N 
-~------------------, 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) {cm3 ) (mm) (mm) (Y/N} (1-9) (N/M} 
974 2.65 0.44 0.44 y 7 M 
0.24 0.24 y 8 M 
975 2.48 0.54 0.42 y 5 N 
976 2.84 
977 2.14 0.66 N 5 M 
978 2.43 0.48 0.27 y 8 N 
979 2.35 0.60 0.31 y 5 N 
980 2.80 
981 2.67 0.52 0.38 y 8 N 
982 2.43 0.85 0.79 y 8 N 
983 2.65 0.37 0.31 y 9 N 
984 3.03 0.58 0 .49 y 6 N 
985 2.98 0.39 0.34 y 8 N 
986 2.83 0 .40 0.28 y 5 N 
987 2.75 0.28 0.17 y 5 N 
• 988 2.76 0.60 0.41 y 6 N 
989 2.54 0.77 0.50 y 3 N 
990 2.51 0.73 0.43 y 5 N 
991 2.54 0.17 0.17 y 5 M 
992 2.87 0.35 0.35 y 7 M 
993 2.68 0.46 0.30 y 6 N 
994 2.09 0.29 0.29 y 2 M 
0.42 0.42 y 5 M 
995 2.25 0.31 0.31 y 5 M 
996 2.33 0.27 0.27 y 5 M 
997 3.62 0.25 0.21 y 5 N 
998 2.34 0.68 0.48 y 8 N 
999 3.04 0.54 0.48 y 3 N 
1000 2.26 0.29 0.25 y 6 N 
1001 2.36 
1002 2.54 0.52 0.36 y 9 N 
1003 2.81 0.99 0.71 y 9 N 
1004 2.20 0.3? 0.33 y 8 N 
1005 2.41 0.19 0.19 y 4 M 
1006 2.86 0.35 0.35 y 9 M 
1007 3.35 0.78 0.58 y 4 N 
1008 4.39 0.43 0.43 y 8 M 
0.49 0.45 y 2 N 
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TABLE 17. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) (1-9) (N/M) 
1009 3.81 
1010 2.77 0.44 0.26 y 4 N 
1011 3.36 0.58 N 4 N 
1012 3.19 0.71 0.50 y 8 N 
1013 2.81 0.68 0.39 y 6 N 
1014 3.77 0.51 0.51 y 8 M 
0.52 0.52 y 8 M 
1015 4.45 1.13 N 2 N 
0.92 0.92 y 7 M 
0.53 N 2 M 
1016 4.37 1.05 1.05 y 5 M 
1. 01 1.01 y 8 M 
0.63 0.37 y 7 N 
1017 3.51 0.50 0.41 y 4 N 
1018 3.60 0.62 0.44 y 3 N 
• 0.56 0.42 y 7 N 
1019 3.84 0.40 0.25 y 5 N 
1020 3.42 0.26 N 2 N 
0.32 N 2 N 
0.39 N 5 M 
0.31 N 5 M 
1021 4.99 0.83 0.83 y 6 M 
1022 3.72 0.62 0.62 y 4 M 
1023 3.15 0.70 0.58 y 3 N 
1024 2.92 0.53 0.36 y 8 N 
1025 2.35 0.53 0.37 y 5 N 
1026 2.71 
1027 2.42 0.42 0.36 y 5 N 
1028 2.22 0.45 0.25 y 4 N 
APPENDIX IX 
DATA: SCAPHARCA 2NVIDIOSA (37-61 CM) 
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_____________ .... ____________________ .... }, 
- .~----- ----~--------,, 
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TABLE 18. 
Scapharca invidiosa, Red Bluff Fm., Mississippi (37-61) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) { cm3 ) ( mm) (mm) (Y/N) (1-9) (N/M) 
1 5.22 0.27 0.009 
2 5.10 0.26 0.007 
3 5.26 0.20 0.007 
4 4.21 0.25 0.004 
5 4.45 0.18 0.006 
6 4.53 0.22 0.005 
7 4.30 0.17 0.005 
8 4.43 0.19 0.005 
9 3.99 0.21 0.004 
10 4.27 0.15 0.004 
11 4.11 0.23 0.004 
12 3.72 0.16 0.004 
13 4.04 0.15 0.003 
14 3.55 0.21 . 0. 003 
15 3.89 0.17 0.003 
16 4.14 0.19 0.004 
17 3.78 0.19 0.003 
18 3.84 0.18 0.003 
19 3.71 0.23 0.003 
20 3.94 0.22 0.004 
21 4.20 0.19 0.004 
22 3.97 0.25 0.003 
23 3.98 0.15 0.003 
24 3.59 0.23 0.003 
25 3.50 0.12 0.003 
26 3.44 0.15 0.003 
27 3.27 0.16 0.003 
28 3.35 0.18 0.003 
29 3.68 0.19 0.002 
30 3.96 0.16 0.003 
31 3.65 0.16 0.002 
32 3.28 0.15 0.002 
33 3.23 0.16 0.001 
34 3.27 0.16 0.001 
35 3.22 0.22 0.001 
36 3.19 0.16 0.002 
37 3.46 0.20 0.002 
..... ________________________________________ ·r.r; 
----- ------------------. 
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TABLE 18. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 
(mm) (mm) (cm3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
38 3.71 o.i4 0.003 
39 3.73 0.17 0.002 
40 3.38 0.14 0.002 
41 3.56 0.10 0.003 
42 3.32 0.14 0.002 
43 3.62 0.14 0.002 
44 2.89 0.19 0.001 
45 3.06 0.14 0.001 
46 3.41 0.12 0.002 
47 3.40 0.16 0.002 
48 3.12 0.13 0.001 
49 3. 54 0.14 0.002 
50 3.00 0.20 0.001 
51 3.17 0.19 0.001 
52 3.17 0.14 0.001 
53 3.07 0.14 0.001 
54 3.22 0.11 0.001 
55 3.31 0.18 0.002 
56 3.14 0.16 0.001 
57 3.01 0.09 0.001 
58 3.02 0.19 0.001 
59 2.98 0.19 0.001 
60 2.94 0.14 0.001 
61 3.09 0.10 0.001 
62 2.86 0.15 0.001 
63 2.81 0.21 0.001 
64 2.98 0.19 0.001 
65 2.85 0.14 0.001 
66 2.76 0.16 0.001 
67 2.91 0.13 0.001 
68 2.89 0.15 0.001 
69 2.96 0.14 0.001 
70. 2.69 0.17 0.001 
71 2.98 0.13 0.001 
72 2.67 0.15 0.001 
73 2.44 0.12 0.001 
74 2.74 0.13 0.001 
75 2.47 0.13 0.001 
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TABLE 18. (cont.) 
Number L TH IV OBD IBD Comp. Site Type 





















96 5.01 0.89 0.72 y 4 N 
97 4.40 0.57 0.40 y 5 N 
98 4.23 0.60 0.41 y 8 N 
99 3.85 0.67 0.51 y 5 N 
100 3.37 0.55 0.44 y 5 N 
101 3.78 0.59 0.45 y 8 N 
102 3.37 0.47 0.33 y 5 N 
103 3.13 
104 3.23 0 .45 0.37 y 3 N 
105 2.68 0.42 0.31 y 5 N 
106 2.52 0.63 0.47 y 8 N 
107 2.28 0.63 0.50 y 5 N 
108 4.69 0.17 0.006 
109 4.21 0.20 0.004 
110 3.96 0.17 0.003 
111 3. 73 0.19 0.003 
112 3.91 0.18 0.003 
113 3.63 0.15 0.003 
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TABLE 18. (cont.) 
Number L TH IV OED IBD Comp. Site Type 
(mm) (mm) ( crn3 ) (mm) (mm) (Y/N) ( 1-9) (N/M) 
114 3.59 0.13 0.002 
115 . 3. 57 0.14 0.002 
116 3.28 0.14 0.001 
117 2.77 
118 3.25 











130 3.68 0.46 0.35 y 5 N 
131 3.08 0 .45 0.33 y 3 N 
132 2.92 0.44 0.28 y 8 N 
•. :, ., ., ;j.' 1' ~h· 
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